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Standard Designations and Chemical Com- 

position Ranges for Heat and Corrosion Re- 

sistant Castings have been revised by the — 
Alloy Casting Institute. The chart below puts 


all this data conveniently 
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It provides concise data to help you select 

alloy castings for use under conditions of 26-80 esa 
elevated temperature, severe corrosion, or rena in rp Noe 
both. Use the chart when ordering or specify- 18-23 ET. M «d es. 
ing Nickel-Chromium-Iron alloy castings. 24.98 | 11-14 

Copies are available on request . . . mail the 26-80 14-18 | Mo 0.5 max.f 
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The International Nickel Company, Inc. 
Dept. PE 1, 67 Wall Street, N. Y. 5, N. Y. 


Please send me copies of the 


ALLOY CASTINGS INSTITUTE STANDARD DESIGNATIONS 
for HEAT and CORROSION RESISTANT CASTINGS 
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Over the sears, International Nickel has accumulated a fund of useful information 
en the selection, fabrication, treatment and performance of engineering alloy steels, 
stainless steels, cast irons, copper-base and other alloys containing Nickel. This 
information is yours for the asking. Write for "List A" of available publications. 
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Service Testing Improves Consumer Products 


Public demand for products that incorporate new ma- 
terials and improved designs place an extra burden on the 
manufacturer. For high volume-low cost production, the 
mé inufacturer also must be assured of consumer acceptance. 
On page 81, M. A. Blu, in charge of Tool and Plone. 
Engineering, Sears, Roebuck and Co., tells how Sears tests 
consumer products and works with manufacturers to im- 
prove their designs. Desirable design objectives are listed. 


Patents and the Engineer 


One of the most misunderstood subjects in the engineer- 
ing profession is patent protection. This is reflected in both 


kinds of mistaken attitudes: Extreme secrecy, and com- 
plete lack of record keeping. Beginning on page 113, 
H. A. Toulmin, Jr., nationally known patent attorney, 


presents the first part ofa special report on patents and the 
invention. Specific patent procedure is in 
luded, giving method of preparing the claims, specifica- 
and drawings. The second and final part of this 
report will appear in the July issue. 


protection ot 


tons 


Curie Temperature Alloys 


Magnetic alloys sensitive to temperature changes have 
been used extensively to regulate magnetic output, and 


thus to control electrical performance. But applications 


have been few. On page 158, John Shaw, research and 
development department, International Nickel Co., pre 
sents data which are charted to enable the designer to 


select and apply this useful property of many alloys. 


Gear Motors Based on Unit Design 


Many factors must be studied in the development of any 
standardized manufactured product. W. P. Schmitter of 
The Falk Corporation, see page 153, presents the factors 
that influenced the design of a line of motor reducers 
around a basic unit. 


Fungicide for Cork 


Cork-faced laminated gaskets are attacked by fungus 
growths, even in temperate climates. On page 107, C. D. 
Cook and Robert Harrington, General Electric Company, 
give experimental data showing that salicylanilide, which 
is Not corrosive, gives better protection against six types of 
fungi that attack cork than the beta napthoi formerly used. 


Shop Run Tolerances—11 


Incomplete tolerance specifications can lead to manu- 
facturing troubles. An otherwise satisfactory design can 
prove to be impractical and uneconomical by overlooking 


JULY HI 


Light ALttoys Neep New DesiGN Concepts. J. A. 
Gregoire, a leading European designer gives his ideas on 
improving mechanical construction. He calls for a com- 

break from the traditional method of merely sub- 

aluminum alloy for steel. 
SOLENOIDS, by Charles R. Underhill, con- 

Basic characteristics of coil-and-plun- 


plete 
stituting 
INDUSTRIAI 
sulting engineer. 


ger solenoids and how to modify them. 
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such things as eccentricity, squareness and fractional di- 
mensions. On page 141, L. M. Nielsen of the General 
Electric Company in the final part of a series, gives accept- 
able tolerance data for dimensions of parts produced on 
screw machines. Tolerance specifications for parts pro- 
duced on general machine shop equipment are 
included. 


also 


Information from Brittle Coating—1 


Previously —— coatings have been used principally 
às stress detectors. J. Durelli, Armour Research Foun la- 
tion, shows how britte coatings can be used as a fairly 
complete method of stress analysis. Charts, indi. and 
calculations for evaluating coating patterns begin on pag: 
SO. 


Characteristics of 61S Aluminum Alloy Sheet 


In comparison with higher strength aluminum sheet 
materials, 61S appears to be little known, but it possesses 
combination of engineering and fabricating 
characteristics. Joseph J. Warga, development engineer, 
Kimble Division Owens-Illinois Glass Company, see page 
108, discusses the engineering properties of 61S sheet, its 
and its welding and forming char 


4 unique 


resistance to corrosion, 


acteristics. 


Reinforced Plastic Joints—Il 


A popular misconception concerning plastics is that they 
can be machined and joined exactly like conventional ma 
terials. On page 134, Richard J. Francis, consulting 
engineer, goes on from the simple joints presented last 
month to discuss more complicated joints. 


Rotating Electrical Contacts 


Usually the problem in moving electrical contacts is to 
reduce the voltage drop, but not so when you are using 
slip rings and brushes as part of a strain gage circuit. Here, 
accuracy is best when the resistance of the moving contact 
stays the same throughout the test. On page 129, Messrs 
Francis J. Dutee, Franklyn W. Phillips, and Richard H 
Kemp of Aircraft Engine Research Laboratory, NACA 
compare the resistance behavior of 24 combinations of slip 
rings and brushes. 


Electroplate Thickness Standards 


Designers are often faced with the problem of specifying 
electroplate thicknesses to conform to armed services re 
quirements or to those recommended by the American 
Society for Testing Materials. In an effort to clarify the 
situation, George Black presents on page 165, various 
standards set up for zinc and cadmium electroplates 











SEVEN BASIC METHODS FOR NON-DESTRUCTIVE TESTIN 
OF MATERIALS, by Benson Carlin, Sperry Products, 1% 
cluding comparison chart of operating characteristics 

BACKLASH CONSIDERATIONS WHEN DESIGNING GI ARS 
by Louis D. Martin, gear engineer, Eastman Kodak Co. 
Presents basic design and economic factors that sl yuld 
be considered when specifying backlash. Purpose ol 
backlash and applications of zero backlash gears 
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AS STATED by Walter P. Schmitter, chief 
engineer of The Falk Corporation in his article 
in this issue, product development must be an 
integrated program of design, production, pur- 
chasing and sales if the best results are to be 
achieved. This however is not a mere formula, 
nor can true cooperative effort result from only 
management directives. Human elements are 


of any program requiring teamwork. 

Two human failings that, above all others, 
can hamper or even wreck teamwork are refusal 
to acknowledge errors and loud condemnation 
of the individual who makes a mistake. The 
former is known by the slang term of “passing 
the buck,” the latter is often called a “bawling 
out." Neither are constructive under any circum- 
stances. Both are largely under the control of 
the directing head of the enterprise. 

Buck passing is always in a downward direc- 
tion. It is seldom possible to pass the buck to 
the boss. When a man goes on record to blame 
one of his subordinates for an error, three 
people are immediately involved: the top man, 
the blamer, and the blamed. Obviously, if the 
top man will take the time to do so, he can 
bring together in an open hearing all the indi- 
viduals involved and thereby quickly and accu- 
rately place the responsibility where it belongs 
and forthrightly condemn those who had tried 
to evade their responsibility. Such a procedure 
is a strong deterrent to those who might be 





Human Factors 1n Design Programs 


ENGINES EIN G 


tempted to unshoulder their mistakes on some- 
one else. Rarely will they try it a second time. 

If an organization operates firmly on the 
principle that "the authority to issue an order 
carries with it the responsibility of seeing to it 
that it is properly executed," there will usually 
be few arguments as to who is to blame. 

Unfortunately, only too often too much 
wrong emphasis is placed on errors and failure. 
Mistakes caused by carelessness, inattention and 
laziness should, of course, be condemned. But 
in engineering design in particular, many of the 
errors or failures are of a constructive nature 
and came about simply because of a lack of 
knowledge. Such failures become building 
blocks of progress. Perhaps some of them could 
be avoided. Even so, to berate a man publicly 
or privately for having made a mistake is often 
unjust and almost invariably breeds ill feeling, 
unconfidence, disloyalty. From such demoraliza- 
tion springs many other ills—including buck 
passing. 

Real teamwork cannot be achieved by or- 
ganization charts and management directives. 
It can only be when there is an atmosphere of 
mutual respect, honesty of purpose and chari- 
table understanding of human limitations. It 
pays to be nice. 
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RNG CLUTCHES 


* Instant Engagement 

* Instant Disengagement 
* Accurate Indexing 

* Positive Action 


{ new principle in clutches... 


BORROWING an idea from the wooden sprag that 
oldtimers used to prevent wagons from rolling 
backward. yet allowing free forward motion 
Morse-Formsprag Clutches have come forth with 
the ultimate in Over-Running Clutch design. 


Fach Morse-Formsprag Clutch contains a full complement Ta ; ; 1 Fie 
of sprags between inner member and housing. Contact : } “a 
between sprags is maintained bv a circular pressure spring "T" 
which acts as an energizing medium. 

Because of the full complement of sprags used in Morse- 
Formsprag Clutches, localized stress is minimized. This 
design simplicity permits the greatest possible torque 
capacity for size and weight. 


l. Inner Member 2. Sprag 3. Housing 4. Energizing Spring 


Three types ot Morse-Formsprag Over-Running Clutches 
are available from stock—for indexing, over-running or 
hackstopping: 

\. All-Purpose Ball-Bearing Type. 

B. Indexing and Backstopping Ball-Bearing Type. 

C. Plain-Bearing Type. 
These three tvpes are carried in stock with a varietv of 
finished stock bores ready for immediate use. Special sizes 
and designs can be furnished to fit your requirements. 
For detailed information, installation suggestions and 
ordering data, write Dept. 187 for Morse-Formsprag 
Catalog C11-42. Address: Morse Chain Company, 7601 
Central Avenue, Detroit 8, Michigan. 


1. Inner Member 2. Sprag 3. Housing 4. Energizing Spring 
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Fig. I— Testing the performance of refrigerator hardware. 
days, representing 20 years of normal operation. 


during 


The doors are opened and closed 20 times each minute for 36 working 
Hardware components that fail 


this service test are redesigned. 


Testing Consumer Products 


The present day buying public has been led to believe that new 
materials, improved designs and revolutionary processes will be 
incorporated in new consumer goods. To create a product that 
is functionally sound, and to have reasonable assurance of cus- 


tomer acceptance of commercially unproven designs, thorough 
testing under simulated field conditions is essential. 


M. A. BLU 


In Charge of Tool & Production Engineering 
Sears, Roebuck and Co. 


ALTHOUGH 
have 


MOST MANUFACTURERS 
he usual test facilities, these are 
hot always suitable for testing con- 
Sumer products, such as household 
equipment, toys, electrical appliances 
and farm tools. Facilities also are pro- 
vided by such organizations as the 
Underwriters' Laboratory and the 
American Gas Association, for final 
approval of the end product. But 
these organizations do not evaluate 
Prot 
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consumer acceptance, and generally 
they consider only the safety aspects of 
the product. A few manufacturers 
have developed the specialized equip- 
ment and dnd qualified per- 
sonnel to conduct the many inter- 
mediate for evaluation. of new 
materials, designs and processes before 
their acceptance and use in the finished 
product. However, not many 
panies are justified economically in 
establishing extensive facilities for a 
well-rounded, functional testing pro- 


tests 


com 


gram. 


In recognition of this need for test- 


ing in product development, Sears, in 
1911, created its Merchandise Testing 
Laboratories. These serve the merchan- 
dise organization and the family of 
manufacturers whose goods are sold 
or are under consideration for sale by 
Sears. The original chemical labora- 
tory of 1911 now has grown to include 
five other major testing divisions with 
a highly specialized staff of over a 
hundred technicians, divided among 
the chemical, mechanical, electrical, 
radio, home economics and textile divi- 
sions. Each has, in addition to stand- 
ard test instruments, a varied assort- 
ment of special purpose equipment. 
Tests are conducted in accordance 
with the published test codes and pro- 
cedures of representative trade asso- 
ciations, specifications of federal bu- 
standards established for 
evaluation of basic materials. 
However, there is little such informa- 
tion in the field of consumers’ goods, 
and it is necessary to formulate specific 


reaus, anc 
the 


81 


















test procedures for many items of 
merchandise. 

General service facilities are main 
tained by the laboratory. These include 
a well-equipped machine shop, a tech- 
nical library of approximately 5,000 
books and some 15,000 scientific pam- 
phlets and specifications. The library 
also circulates some 250 scientific jour- 
nals and trade papers and maintains 
an indexing vil abstracting service. 


TEST PROCEDURES 


Some problems require the facilities 
of only one division, but more fre- 
quently several divisions cooperate in 
the performance of a single test. If 
a complete evaluation of a vacuum 
cleaner were required, for example, 
the textile division would measure the 
air permeability of the bag and its 
resistance to wear; the chemical divi- 
sion would check the plating on metal 
parts and the suitability of plastic 
components; the home economics divi- 


Fig. 2—(Left) The original stoker transmission, prior to five years of development 
and testing. (Right) The current stoker transmission which is far more efhcient. 
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Fig. 4 — Transmission 
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sion would determine its ability to 
pick up dirt in practical tests and its 
convenience in use; the electrical divi- 
sion would investigate the amount of 
current leakage, the operation of the 
switch, the motor characteristics, the 
air delivery and its compliance with 
the safety requirements of the Under- 
writers’ Laboratory; the mechanical 
division would study the life of the 
brush, belt, bearings and other parts, 
and the radio division would deter- 
mine the degree of radio interference 
that its motor may cause. 

Sometimes these tests go to ex- 
travagant lengths to obtain authorita- 
tive answers to specific problems. For 
example, the chemical division breeds 
cockroaches, flies and moths in the 
laboratory to permit positive evalua- 
tion of insecticides, fly sprays and moth 
repellents. Considerable research is 
being conducted by the entomological 
group on the problem of incorporat- 
ing DDT in screen paint, cold water 


Over/oad switch actuating pin; 


Overload 
switch 


Fig. 5—Section through transmission drive and overload switch. 





Overload switch retainer orl seal 


Input shaft bushing 
Overload switch retainer- PEN 








paint, and even in wallpaper. On this 
project it also is necessary to consider 
possible toxicity to human beings and 
to verify that the basic characteristics 
of the paint or other medium are pre- 
served in the final product, along with 
the DDT’s efficiency. 

Standard test equipment is not al- 
ways applicable to consumer products 
in their final form. Many speciai 
machines are constructed to test the 
functioning of a given device. To 
assist in the evaluation and design of 
bicycle coaster brakes, hubs, wheels 
and tires, the special test machine il. 
lustrated on the cover was built. This 
machine puts a rear bicycle wheel 
assembly through an automatic cycle 
comparable with the acceleration of 
the bicycle by a 180-lb rider to 15 
mph in 6 sec, a coasting period of 30 
sec, and brake application for a quick 
stop without skidding. During the 
coasting period the inertia drum in 
which the wheel rides, tilts in both 







Fig. 3—The greatly simplified gear train 
which was developed for new transmission. 








and pinion drive 














H- Overload spring 


s 
Transmission case 





Under overload, 


axial movement of worm gear and input shaft causes tripping of the overload switch. 
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simulate turns around 
corners, thus placing side thrusts on 
the coaster bearings and other parts 
Graphic records of the brake action 
can be taken at any time as the test 
progresses. 

Another "Rube Goldberg" device, 
Fig. 1, Is an arrangement for auto- 
matically opening and closing refrig 
erator doors with a force approximately 
equivalent to service conditions. These 
machines operate at 20 cpm, requiring 
36 working days to verify the hard- 
ware performance. The refrigerator 
hardware must stand 350,000 cycles, 
representing 20 years of normal opera 
tion, assuming 50 closures per day. 
The refrigeration laboratory, with 
sealed humidity room and controlled 
temperatures, tests other phases of 
refrigerator performance. 

A study of failures in a product's 
performance is passed back to the 
manufacturer for correction. The end 
result is that both the manufacturer 
and the Sears organization benefit by 
presenting a more serviceable product. 

Testing the functional action of 
one part of a product is not always 
adequate. Typical of the painstaking 
etforts exerted in the laboratory to as 
sure customer satisfaction is the in 
vestigation conducted on stoker trans 
mission performance. ‘Transmissions 
were tested, modified and retested 
over a period of five years in the de 
velopment of the model currently being 
manufactured. 


directions to 


After a preliminary break-in period 
of 150 hours, each transmission was 
operated under conditions of maximum 
fuel speed rate for a period considered 
equivalent to five years of normal 
operation. Ten months of continuous 
testing were required to subject each 
transmission to this equivalent opera 
tion period. The test was conducted 
in a soundproof room isolated from 
the building structure by vibration 
dampers This enabled level 
readings to be taken on both motor 
and transmission noise at the end of 
each equivalent year of operation. At 
the same time, the power consumption 
was checked and the oil was tested for 
sediment and was analyzed by chem- 
ical methods for metal particles and 
other evidences of breakdown. 

_ After five equivalent years of opera 
tion under these most severe condi 
tions, or upon the failure of any com 
ponent, the transmission was disas- 
sem^led and each part was examined 
for evidence of wear, misalignment, 
Or other incipient failure. 

These 


sound 


tests have resulted in a 
Smaller, lighter, less expensive trans 
mission with superior performance and 


hf . M 
‘ite. Fig. 2 shows the original stoker 
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Organization of the Sears 
Merchandise Testing Laboratories 


MECHANICAL DIVISION 


Evaluates general mechanical products: 


Tools and hardware; air conditioning, refrigeration, combustion, hydrault 


aericultural and automotive equipment ; optical and photographic vods, and 


euns and. ammunition, 


Ty pical products: 


Compressors, power tools, building accessories, freezers, refrigerators, milk coolers, 


fans, blowers, humidifiers, stoves, heaters, furnaces, boilers, stokers, pumps, water 


softening equipment, engines, bicycles, farm implements, boats, optical equipment 
photographic paper, film, and equipment. 


CHEMICAL DIVISION 


Conduets chemical analyses; bacteriological, entomological and pharmaceutical 


investigations; metallurgical and metallographic checks. 
Evaluates merchandise made of leather, rubber, and plastie materials 


Representative products: 


Cosmeties, drugs, adhesives, pasteurizers, moth compounds and insecticides, 


tires, shoes, paints and varnishes, disinfectants, garden seeds, fertilizers, 


soo ps 


and detergents, waxes and polishes, and mildew and rot proofing compounds 


HOME ECONOMICS DIVISION 


Contributes the homemaker's viewpoint on the functional design and performance 


of kitehen and laundry equipment and household appliances in general. 


Typical projects: 


Investigations of food preparation and packaging for frozen food storage, kitchen 


planning, conducts use tests of dishwashers, garbage disposal units, housewares, 


irons and ironers, washing machines, gas and electric ranges 
RADIO DIVISION 
Responsible for the testing of all radio, phonograph and electronic equipment, 
Ineluded in these classifications are: 
Loud speakers, antennae, tubes, batteries, radio test: Instruments, publie address 
systems, recording equipment, communication systems, phonograph needles, 


pick ups and record changers, 


TENTILE DIVISION 


Fully identification of knitted, woven and felted fabries, and for 


determination of washability, shrinkage, water resistance, strength, weight, and 


equipped tor 


color fastness of textile materials. This ineludes apparel and non-apparel tex 
tiles, such as bedding, curtains, upholstery, tents, typewriter ribbons and fish 
lines; and such items as paper products, flexible plastie films, buttons and fasteners. 


ELECTRICAL DIVISION 


Investigates performance life and safety of electrical appliances, motors and motor 


ized equipment. 


Includes: 


Electrical power tools, fans, food mixers, heating and cooking appliances, such 
toasters, and waffle irons; automotive accessories, 


battery infra-red 


as electric ranges, roasters, 


test instruments and chargers; lamps and ultra-violet ray 


generators; lighting equipment, electric fence controllers and are welders. 


A ————————————————————————————————— 


transmission (left) and (right) the 
final stoker transmission. Fig. 3 illus- 
trates the gear train, which has been 
greatly simplified. Evidence of im 
proved transmission characteristics is 
shown by the Fig. 4 graph. The draw- 
illustrates the sensitive 


switch developed to disconnect the 
power in case of overloads. The new 
switch replaces the old conventional 
shear pin type of mechanism. For any 
given output the starting thrust is 
higher than the running thrust. A 


ing, Fig. 5, time delay element was therefore 
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Fig. 6—Longitudinal cross-sections of old and new fire bowls. 


Change in tuyere height reduces 


"coke tree" formation. The 


retort throat curve has been changed for more even fuel distribution, also minimizing segregation of coarse and fine particles. 


= 


Fig. 


—Old and new blower fans compared. New fan is quieter and costs 10 percent less. 








(Right) In the operating range, the 


new design produces higher static pressure. Combustion equipment should be tested with fuel from different regions. 


incorporated in the overload circuit 
and has proven to be particularly ad- 
vantageous for instantaneous overloads, 
such as might occur if a large piece 
of coal became lodged in the coal 
chute. In other words, the transmis- 
sion is now given an opportunity to 
work on the obstruction and to crush 
it, if possible, within a safe time limit. 

The transmission was not the only 
component of the stoker to be im- 
proved. Fig. 6 shows the before-and 
after shapes of the stoker fire bowl. 
Testing in the combustion laboratory 
indicated that modification of the old 
fire bowl was necessary to reduce "coke 
tree" formation with certain grades of 
coal and under certain firing condi- 
tions. By trial and error, the optimum 
area for the tuyeres was obtained. The 
height of the tuyeres and the fire bed 
area have been modified to promote 
uniformity of fuel bed conditions and 
the attendant fuel bed efficiencies. An 
obvious change is the curve and shape 
of the retort throat through which the 
coal passes to the burning area. The 
curve was modified so that there is 
now a more even distribution of new 
fuel over the entire fire bed. The new 
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shape also minimizes segregation of 
coarse and fine coal particles. 

Stoker combustion tests also exem- 
plify a minor, yet important considera- 
tion with many products. The manu- 
facturer must remember that his 
product may be sold in many parts of 
the country where operating conditions 
vary. This is particularly important 
on combustion equipment using coal. 
Therefore, the combustion laboratory 
tests all coal burning equipment with 
coal of different grades, brought from 
various coal areas in the United States. 

The blower fan for the stoker also 
came in for redesign attention. Fig. 

shows the original and improved 
version. Performance has been in- 
creased by changing the shape of the 
blades. The chart in Fig. shows 
how the new fan delivers higher static 
pressure within the operating range 
of the stoker. The new fan is con- 
siderably quieter, and there is approx- 
imately a ten percent cost reduction 
over the old blower design. 

It is the policy of Sears-Roebuck to 
make their findings available to the 
manufacturer for the ultimate benefit 
of the purchaser, the manufacturer and 


Sears. Frequently Sears engineers go 
to the manufacturer's plant and study 
his processes, discuss with and assist 
his engineers in improving the design. 
In Fig. 8 are "before" and "after" cuts 
of a motor-driven farm pump jack. 
The pump jacks are set up in the 
laboratory and loaded to high pres 
sures and heavy loads equivalent to 
300 ft of pump rod. All the tests 
indicate that the new case will out- 
perform the original cast iron jack. 
It can be seen that a wide bearing area 
is obtained inside the stamped case by 
spot-welding a reinforcing member to 
the interior. This illustrates graph- 
ically the possibilities of reducing 
weight and cost, and improving the 
life of an inexpensive mechanism sub- 
ject to heavy-duty consumer service. 

All product development has not 
been confined to such large objects as 
a pump jack or stoker. Sears has 
found it worthwhile to give design 
attention to such minute objects as 
phonograph needles. Fig. 9 shows 
two versions of improved needles that 
were developed in an effort to in- 
crease the damping qualities in the so- 
called scratch range. It was also found 
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Fig. 3 


Pump jack redesign. 
(Right) Bearing loads are distributed over a wide 


that the addition of these minute disks 
or flanges improved the fidelity in the 
five- to six-thousand cycle sc ratch zone. 
The size, diameter, and location of 
the disks were confirmed bv trial and 


error experiments, working on the 
theory that the five- to six-thousand 
cycle range demanded certain posi- 


tioning of the disks to neutralize vi- 
brations within this region. The 
redesigned needle has improved fidel 
ity and has less extraneous noise than 
any other needle we have ever tested. 


-Two versions of an improved phonograph needle. 
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Redesign 


( Stamped ! 





(Left) Heavy sections and ribs were required in old case. 


area by stamped reinforcement. 


This is another evidence that a manu- 
facturer can benefit from a thorough 
service testing of his product 
Simplified recording of tests and 
test results is essential for future ref- 
erence and distribution of the basic 
information. Information from the 
test follows as far as possible an out- 
line covering the statement of the 


problem, sample identification, meth- 
ods used in testing, description of test 
e and test performance data 

ogether with recommendations. These 








The disks damp vibrations in 5,000-6,000 scratch range. 


laboratory reports, with figures and 
charts, are supplied to our buyers and 
the development engineers of our 
sources of supply to aid in improving 
their merchandise along factual lines. 
Thus trial and error development at 
the expense of the earlier customers 
is avoided and the experience gained 
in 35 years of consumers' goods test- 
ing is at the manufacturer's disposal. 
In these years of testing, the labora- 
tories have evolved a fairly concrete 
objectives for consumer prod 
ucts. Some of these are: 


set of 






1. Every effort should be made to 
design durable equipment. In many 
cases our merchandise must carry a 
five- year guarantee. 

2. Household appliances, especially 
those items that come into contact with 
foods, must be easy to clean, sanitary 
and corrosion resistant. 

There should be 
loose accessory parts. 

í. The general public is posture 

The — of any device 
afforded a comfortable posi 
tion while anina 

5. Attractive appearance can be ob 
tained without undue cost. 

6. Portable items should be light 
weight. 

7. Mechanisms involving power 
units or any kind of mechanical action 
should have a low noise level. 

8. All devices using an electric cur- 
rent must not interfere with radios. 

9. Outdoor items must be protected 
from corrosion and thoroughly tested 
to see that they operate well in weather 
conditions in any part of the country. 

10. Forced lubrication is being ap- 

plied to an ever-increasing number of 
ln appliances. This simplification of 
maintenance is a desirable objective 
for any consumer product. 


minimum of 


conscious 
must be 


These points may not apply to all 
items, but they do constitute a check 
list that will be useful to anyone who 
wishes to offer a low cost, reliable 
product to a broad consumer group. 





























Fig. 1 


Isostatics of family or set 1 as they appear on an eyebar 
loaded under tension. Obtained by loading the bar, applying the 


coating, then relaxing the load after drying. Fig. 2—Isoentatic ¢, 
as obtained for a ring, from the direct load method. 


What Kind of Information 
Does Brittle Coating Give? 


PART I 


Analysis of isostatic and isoentatic patterns in brittle coatings for 
different combinations of stresses. Formulas enabling the calcu- 
lation of stresses with higher accuracy than that usually obtained. 
Coating failures not in accordance with the strain law. Use of 
refrigerating technique to obtain isostatics in zones where the 
strain is smaller than the strain sensitivity of the coating. 


A. J. DURELLI 


Research Engineer 
Armour Research Foundation 
Illinois Institute of Technology 


BRITTLE COATINGS can be used as a 
quite complete method of stress analy- 
sis; a method able to attempt, in many 
determination of the direction 
and the value of the two principal 
stresses at every point of a surface. 


Cases, 


ISOSTATICS 

First and most direct kind of in 
formation that brittle coatings give 
is the direction of the principal stresses. 
The lines of failure of the coating are 
isostatics, or trajectories of principal 
stresses; sometimes called less properly, 
trajectories. Direction of the 
principal stresses is on every point 
tangent and perpendicular to the 


stress 


o0 


isostatic on that point. These isostatics 
give not only directions of the prin- 
cipal stresses, but in some instances 
give the sign of the stresses, their 
relative magnitude, and for singular 
points, the necessary relation to calcu 
late the principal stresses. 

Isostatics may be obtained for all 
points of the surface using: 

a. Direct method; loading after the 
coating has been applied and is dry. 

b. Relaxation method ; loading while 
the coating is wet and relieving the 
load after the coating is dry. 

c. Refrigeration method; suddenly 
decreasing the temperature while the 
load is on the coated specimen. The 
coating then fails in zones where the 
strain is not quite high enough to 
crack it at room temperature. 

Following properties of the brittle 


coating isostatic 
ticularly useful: 

A. Family or Set 1—obtained by 
relaxing the load. As shown in Fig. 1, 
set 1 is tangent at all points to the 
algebraically maximum principal strain 
and to the algebraically maximum 
principal stress. Family or Set 2 
obtained by direct loading of the speci- 
men. Set 2 is always tangent to the al 
gebraically minimum principal strains 
and stresses as Fig. 2 shows. This can 
be proved physically by two facts: 
(1) Brittle coatings always crack per- 
pendicularly to the maximum tensile 
strain that directly makes the coating 
break, (2) the direction of principal 
strain and stress coincide. 

Tension and elongation are assumed 
as positive and compression and con- 
traction as negative. When the re- 
laxation method is used, all signs of 
stresses are reversed in the specimen; 
that is why set 1 is parallel to the 
maximum principal stress. 

B. Since on free boundaries one 
principal stress is zero, it follows that 
on free boundaries belonging to family 
| the other principal stress is tensile, 
and on free boundaries belonging to 
family 2 that stress is compressive. 

C. Moving along on isostatic from 
concave free boundaries toward the 


pattern are par- 
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( Concave) 


Fig. 3—Diagrammatic representation of the boundary condition Fig. 
of principal stresses in a coating for convex and concave edges. 


field, both principal stresses will have 
the same sign near the boundary 
Moving from convex free boundaries 
toward the field, both principal stresses 
have opposite signs. This was shown 
by Mesnager and can be e asily demon- 
strated considering Lamé's formulas 
for the equilibrium of a curvilinear 
element; where o, and ox are the prin- 
cipal stresses, 5, and s, elements of 
isostatics, and r, and r. radii of curva 
ture of isostatics 1, 2, respectively 


gj; — 0? 
— = \) 


FN 

that the boundary 
The principal stress 
zero at the boundary 
may assume that the 
4&0 is reached at a minute 
distance from the ns by always 
increasing or always decreasing its 
value from zero. 


Let us assume 
belongs to set 1. 
v, would be 
itself, and we 
value o» 


ôo? o? 092 — i 


652 f9 | "| 

M | A 2 
— gi | -1d 

ri Ti 
When A;s5/r, is negative (concave 
bou ndaries) both principal stresses 
have the same sign. When As, 
Is positive (convex boundaries) both 
principal stresses have opposite signs 
as Fig. 3 reveals. 


stress 


D. The principal 
IS0s'atic reaches a maximum or a min 


along an 


imum value at intersection with 
another isostatic of the other family 
Whose radius of curvature is infinite 
at the intersection. This follows from 
equation of equilibrium (1) by Lamé. 
1948 


) ` 
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Scale of 


When 7, is infinite the 
(o1—202) /r1 1s equal to zero. There- 
fore, 8e./8:5—0 also, which means 
that gc; has a maximum or a minimum 
value. 

Obviously this property also means 
that on free boundaries the principal 
stress reaches a maximum or a min- 
imum when the boundary is inter- 
sected by an isostatic whose radius is 
infinite. The distinction between 
maximum and minimum is made by 
the sign of the stress, given by prop- 
erty B. 

It also follows from (1) that when 
a free boundary is straight (r;=00), 
not only does g2=0, but 8oz/8sə 

0, which means that the slope of 
the gy is zero at the boundary. 


term 


E. Consider an isostatic belonging 
to the same family as the free bound- 
ary. The distance of this isostatic 
from the free boundary varies. The 
value of the boundary stress is in- 
versely proportional to this distance. 

The information given by a com 
lete isostatic pattern may be better 
understood by referring again to Fig. 
1. This shows an isostatic 1 in an 
eyebar, obtained by the relaxation of 
a tension load. On every point of 
the eyebar the maximum principal 
stress is tangent to the isostatic going 
through that point. The minimum 
principal stress is perpendicular to it 
(property A). 

On the inside boundary, between 
singular points, where the isostatics of 
set 1 are parallel to the boundary, the 
stress is tensile. On the rest of that 
boundary where the isostatic set 1 is 
perpendicular to it, the stress is com- 
pressive. 


E. for 1,000 [4] 
0.0077 


Reading 


íÍ—Isostatics and isoentatics on the bottom of a pressure 
vessel which has a 1,000 psi internal hydraulic load. 


On the outside boundaries, between 
singular points, the stress is compres- 
The stress of the boundary is 
tensile from the singular point toward 
the straight part of the bar (prop- 
erty B). 

On the horizontal axis the principal 

stress parallel to the axis and near both 
boni aries is tensile (property C). 

The maximum or minimum value of 
this principal stress along the axis 
is reached at the point where an 
isostatic of set 1 intersects the axis 
under an infinite radius of curvature 
(property D). Since there is only 
one of these isostatics and since on the 
free boundary the other principal stress 
is zero, that value corresponds to a 
maximum. 

On the boundaries, the stress is in- 
versely proportional to the distance 
from tne boundary to the first isostatic, 
running in its same direction (prop- 
erty E). This shows that the max- 
imum principal stresses on the bound- 
ary are at the ends of the vertical and 
horizontal axis, in agreement with 
property D, since on those points the 
isostatics normal to the boundaries 
have an infinite radius of curvature. 

The accuracy of continuous isostatics 
obtained by means of brittle coatings 
is much higher than that obtained 
using photoelasticity or strain gages 
because both these methods require 
graphic interpolations from point to 
point, and the latter gives only average 
values for points within gage length. 


sive. 


ISOENTATICS 


Although the law of failure of 
Stresscoat has not yet been determined 
definitely, it is generally assumed that 
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the elastic characteristic defining the 
failure is the maximum tensile strain. 
Accepting this theory, brittle coatings 
under direct loading may give also 
the values of the principal strain for 
all points on the surface where this 
principal strain e (as explained un- 
der “property A”) is an elongation 
and greater than the strain sensitivity 
€', of the coating for direct loading. 
By the relaxation method the value of 
the principal strain e, is obtained for 
all points on the surface where es is 
a contraction, and greater than ¢’,, 
the strain sensitivity for relaxation. 
(One exception to this rule will be 
mentioned later.) As used in these 
17175 symbols, d and r are not exponents 
Lett | W----—- ; 3s -- but identifications of direct-loading 

and relaxation-loading sensitivities. 
To determine the principal strains in 
a specimen, the d is applied in in 
crements. — After each increment ot 
load a line (isoentatic) is drawn join- 
ing the ends of the cracks (isostatics). 
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x x x The drawn isoentatics are loci of 
m .. a . - . . . 

i E- 2 W oy points of equal principal strain (as- 
$ P ; ; 
t T - + & suming the maximum tensile strain 
2 o o r . c e 
i a £3 : law of failure). The value of strain 
W owo 2 . - . . . 
: og ees EH on each point of an isoentatic 1s 
"3 o z b Is à 

: tő o rs 







inversely proportional to the value of 





the load at which it appeared; and is 





THE DIRECTIONS OF THE AXIS OF THE 


uj 
o 
z 
a 
=x 
o 
Š y 9 finally determined in absolute values 
- ` ? ° . . . . 
g u u 9 by a calibration test giving e,, which is 
2 i J o : Ld á : . 
S z g a z ; strain. sensitivity of the coating that 
"2 « =$ 8 e a is used. 
A S 3: 6 5 5 be 
$ x x sb x = Ihe bottom of a pressure vessel 
= u 


loaded internally with hydrostatic pres- 


IBLE ERROR | MAX. POSSIBLE ERROR 











: : i T i.e $ sure is shown in Fig. 4. The grid of 
E SQATETEEFT- straight heavy lines was drawn to 
1 u 24 1 2 HEEMETE 3 facilitate the location of the points on 
‘ 3 lh FIT ® eS202e2535 the 3-dimensional surface. The coat- 
1 2 g & GEEA ing started cracking at 1,000 psi and 

3 i oa ýL ynze the isostatics for that load were en- 















circled by a line, No. 10, of equal 
principal strain, or isoentatic. When 
the load was increased to 1,100 psi, 
the cracked zone expanded and 4 new 
isoentatic, No. 11, was drawn. For 
1,300 psi and for 1,500 psi, the same 
procedure was followed. The max- 
imum load applied was 1,700 psi, 
but the isoentatic was not drawn for 
this value, so that the end points of 
the isostatics could be seen easily. 









^ id -— The calibrating beam, sprayed and 
2 a| 49i. 358 sted at the same time as the vessel 
, sz ^ "d aos tested at the same time as the vessel, 
5 ES aS Las «. 029 à 0 sie Pian di 
d E 322 < EO d gave e, O.( 00 i aking the 
| or a zee | pressure 1,000 psi as a standard, the 
oo I ae T ndiecn è ä - 
scale with which the figures of the 
is a) pictures should be read to have the 
" principal strain «e, on every point of an 
1 gp v^ . e . 
3 isoentatic 1S: 
J à 
^n 
a 0.0077 
Ee de 





— WHEN £, OR £; ARE COMPARED TO £s THE VALUES OF THE PRINCIPAL STRAINS MUST BE THOSE PRODUCED BY THE MAXIMUM LOAD APPLIED TO THE SPECIMEN. 


— THE ERRORS HAVE BEEN CALCULATED AS THE MAXIMUM DIFFERENCE BETWEEN A POSSIBLE VALUE AND THE VALUE GIVEN BY THE FORMULA. 
— NOTICE THAT THE ARROWS IN THE SECOND COLUMN DO NOT REPRESENT FORCES NOR STRESSES, BUT STRAINS. 


reading 


meaning by "reading" the number be 
~ a 7 longing to the isoentatic in Fig. 4. 
Each isoentatic pattern should have its 


Pronucr ENGINEERING — JuNE, 1948 89 








TABLE IL- ANALYSIS OF FORMULAS USED FOR DETERMINATION 
OF THE PRINCIPAL STRESSES IN ZONE 2 


Combination of 


If £2» - € 
there would be iso- 
statics obtained by 
relaxation, in con- 
tradiction to defi- 
nition of zone 2 


Uni-dinensicnal 
Tensile Stress 
Pure Tension) 


5 = * 
e "Tw 


Uni-dinensic-al 
Tensile Strain 


Singular Point 
= c 
é 2 - €1 
(limit case) 
By definition €, 


cannot be. Teater 
than €£4 


Value of 


^ 


the Stresses 
in Function of£4 


The arrows do not represent forces or stresses, but stroins 





own scale to be interpreted accurately. 

The irregularities in. the shape of 
the isoentatics may be caused by the 
following reasons: (a) Wall of non- 
uniform thickness, (b) dispersion in 
the value given by the brittle coating, 
(c) temperature gradient on the coat- 
ing surface producing a change in the 
sensitivity of the coating. Error in 
the value of the isoentatics is greater 
than that for the isostatics, and may 
be up to 20 percent of the maximum 
strain. 


PRINCIPAL STRESSES 


Given the isostatic and isoentatic 
patterns, the principal stresses are cal- 
culated with different ap proximations 
for nine typical zones. By “zone” 
we mean a region with a defined 
isostatic pattern. Table I is a tabula 
tion of the different cases, 


below: 
A. Zone 4 

Principal stresses may easily be ob- 
tained for all points in zones where 


dis USSC d 


90 


both principal strains were calculated 
from isoentatics of sets 1 and 2 (zone 
í of Table I) where 7 — Poisson's 


ratio: 
1 91 00; 
e(o-——-c 
E I 
02 nO} 1) 
€» = — 
| / / 
therefore : 
E ) 
oy = - (€ UN: 
PE. 
E 
g} = — a TEA 
l— n? 
and when n = 1: 
gı = 1.125 E é& T | € 3 


O} = l 125 E €; F^ €l 


B. Zones 3 and 6 

It is also easy to determine the value 
of the principal stresses for all singu- 
lar points (zones 3 and 6 in the 
table): 


é& = &, 0i = 0? 


therefore: 








. I+n E 
gi = E €1 =T él 
1 — 7? 1—5» 
and when 
n=} 
gı = 1.5 E €l 
These formulas are exact, and the 


error of the value of ø and ø> ob- 
tained is only a function of the dis- 
persion of the value of the coating. 
Determination of a maximum princi- 
pal stress, using the singular point 
relation, is given for the center of the 
bottom of the vessel shown in Fig. 4. 

The isostatic pattern shows that the 
center of the vessel is a singular point; 
that is, the principal stresses are equal. 
The pattern is somewhat confused near 
this point because there is no prefer- 
ential direction of stresses. If, in a 
whole zone such as the surface 
of a sphere internally hydrostatically 
loaded, the two principal stresses are 
equal, any extraneous influence makes 
the coating break following one di- 
rection instead of the other. 

The formula to be used is, therefore 
(zone 3): 


Ee) 


and when n = į: 
zml5Ea 
Assuming E - 20,000,000 psi: 
gj, 30,000,000 €i 


and since « for 1,000 psi is 0.00077: 
oi = g} = 23,100 psi 
Since this is the highest stressed 
point, the real value of the stress con- 
centration has been determined. 


Zones 2 and 5 

In zones 2 and 5 where only one 
family of isostatics can be obtained, 
it is customary to calculate the princi- 
pal stress assuming a uni-dimensional 
state of stress; using the formulas 


» og = 0. 


g; = Ee 


States of strain corresponding to 
zone 2 are represented in the first and 
second columns of Table II. Let us 
keep e, constant and vary ep The 
smallest value of e in this zone i5 
«e = — e (pure shear) and the larg: 
est iS e = e (singular point). Zone 
2 includes all variations between pure 
shear and singular = conditions. 
For pure shear c, — 1/(1--3) Ee, = 
0.75 Ee, (fory = 3) corresponding to 


the minimum value. The largest 
value of g, is for a singular point 
oy = l1/(1—3) Ea 1.5 Ee, (for 
" 1). 


As long as ø; is unknown, the most 
probable value for ø; where y eq ials 
1 
3 IS: 

e was de da l se P 
g = Z ' Ea[=ll Ea 
2 ET. 
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lhe maximum value for the error is: 


O mar ~ O min 7 


ror = E E 
2 pep n 
0.375 E « 
[he result is, therefore: 
l n 
g = p E qi 3 : 4 E €1 
l 7 1— 3 


or 


gı = 1.125 E « + 0.375 E e (for n = 


Analogous considerations for gy give: 
l 
o= 2 — Fes L «e 
I — y: I — » 
or 


92; = 0.375 Ee 1.125 E « (for yn = 


Observation of Table II shows that 
the maximum possible error would be 
larger if the uni-dimensional stress 
formulas were used. For o,: + 0.5 
Ee,, and for oe: + 1.5 Ee. 

The same reasoning applies to Table 
III in respect to zone 5. Similar re 
sults are obtained. In Table I, these 
final results are introduced for zones 
2 and 5. 

Therefore, in zones 2 and 5 brittle 
coatings do not allow stress calculation 
with scientific accuracy. However, 
even in zones 2 and 5, the informa- 
tion given by the coating is useful for 
technical purposes, and the approxi- 


mate formulas are usually accurate 
enough. If higher accuracy is desired 
for points inside the field of these 
zones, it is always possible to separate 
both stresses by using analogies based 
on Laplace’s equation, or the iteration 
method. For this purpose the free 
boundaries give directly (o, + o2) 
and the boundary line of zone 4 gives 
that sum by a simple arithmetic opera- 
tion. Application will be shown in Fig. 
6, appearing in Part II next month. 

For points of zones 2 and 5 be- 
longing to free boundaries, the knowl- 
edge of one principal strain is enough 
to calculate the principal stresses. The 
uni-dimensional stress formulas should 
then be used. 


D. Zone 1 

When the coating does not break 
(zone 1) we still may have some idea 
of the value of the stresses. The 
fact that the coating does not break 
means that the strain in that region 
is smaller than the sensitivity strain. 
This information shows us that the 
two extreme possible combinations of 
strains are the two isotropic cases, 
corresponding to singular points, 
with e — e» e, and with. &, 


r 


€» € s 


For isotropic strains the principal 


TABLE III- ANALYSIS OF FORMULAS USED FOR DETERMINATION 
OF THE PRINCIPAL STRESSES IN ZONE 5 


there would be iso- 
statics obtained by 
direct load in con- 
tradiction to defi- 
nition of zone 5 


Pr 
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Value of the Stresses 


in Function of E> 


Formulas when n = 






stresses are (see Table II): 
l 
O) = F fs 
i 1—7 
l 
- E €, 
iy 
This means that all we can know is 
that: 


ono = 


E e à pa : E e; 


l r l i 
-Ea <oa < E e, 
P3. ^ jo, 
If the sensitivity of the coating is 
increased, «e, decreases and the un 


cracked zone is reduced. 


E. Zone 7 and 8 

All preceding considerations are 
ased on the assumption that the 
coating breaks when its strain reaches 
a limiting value. Experiments show 
that this assumption is not always 
correct. Even if e > «', when 
vc; — O, the coating does not break. 
In other words, if the strain is pro- 
duced by Poisson's effect only, the 
coating does not break. 

That is why existence of zones 7 
and 8 should be taken into considera- 
tion. Although according to the con- 
stant strain law of failure a value of 
e; for zone 8 should be obtained, the 
fact is that the coating does not break 
and we have to assume the value of 
the second strain as zero. Therefore, 
in zone 7 the same formulas should 
be used as for zone 5, and in zone 8 
the same formulas as for zone 2. 
However, the error introduced by cal- 
culating the principal stresses as a 
function of one single principal strain 
in these zones is smaller than that in 
zones 2 and 5, as can be seen in the 
column of errors in Table I. 


F. Zones 9 and 10 

It is possible to obtain isostatics 
even in those regions where the strain 
is smaller than the strain sensitivity 
and in those regions (zones 7 and 8) 
where the tensile strain is produced 
only by Poisson's effect. (See Fig. 1 
in Part I and Fig. 2 in Part II) This 
is done with the refrigerating tech- 
nique. The author's discussion of this 
technique appears on p. 20 Proceed- 
ings, 15th Photoelasticity Conference, 
June 1942. 

Rows 9 and 10 of Table I show that 
the refrigerating technique does not 
change the isostatic pattern. — The 
isoentatic pattern, however, could not 
be determined as long as the variation 
of strain as function of temperature 
and time is not known. But the in- 
formation obtained (direction of the 
principal stresses) is important, and 
facilitates the placing of strain gages 
so as to reduce their number to one 
or two. 





Part II will appear in the July issue. 
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Automatic Electric 


Cigarette and Match 
Merchandiser 


Designed for simple, troublefree operation, the 
Electro cigarette merchandiser includes an electric 
motor drive. The machine delivers a selected pack- 
age of cigarettes and a pack of matches by depress- 
ing a pushbutton control after depositing the 
correct amount of change. Made of stamped and 
die cast parts, the 200 Ib machine has a standard 
A.B.T. slug rejector. Exterior grain finish of the 
4 ft high merchandiser is baked-on mahogany, light 
oak or walnut lacquer. The mechanism is inclosed in 
a hinged stamped steel cabinet that is provided 
with a lock. Cost of current to deliver the 320 
packs of cigarettes is 2} cents. The machine is made 
by the C-Eight Laboratories, New Bedford, Mass. 


9? 


weg gi vage p 


Jo leno 
Roller 


Motor Start switch 


Package of = cigarettes 


PRICE PRESET BARS 


Carriage 
= fravel 


f 


Roller Rack driven by sector — 
* Pusher ,. through pinion ~~ "Cam surface and 
x Í ._ vertical pack stop 


Drop 
\ chute 


RACK CARRIAGE DETAILS show how an individual pusher 
is tripped by the solenoid, thus closing motor start switch and 
moving carriage to eject pack. Rollers on pusher rise up on cam 
surface and relock pusher assembly as pack falls in chute. 
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MACHINE OPERATION 


COINS DEPOSITED in the machine en- 
ergize a coin counting mechanism that 
moves contacts to positions correspond- 
ing to 15, 20 or 25 cent sales. These 
positions are made to correspond to 
the button controls by setting the 
price preset bars. If the proper 
amount of money is deposited, depress- 
ing a pushbutton will cause a solenoid 
to trip the pusher assembly and ener- 
gize the motor. The motor, through 
a system of gears and links, advances 
the carriage, thereby pushing out a 
package of cigarettes and a package of 
matches into the well at the front of 
the machine and deposits the coins in 
the coin box. When the carriage re- 
turns to its original position, the mo- 
tor stops and the cycle is completed. 
If an incorrect amount of change is 
inserted, or counterfeit money is used, 
the coin return lever is pulled and the 
money is directed into the well at the 
front of the. machine. The coin 
counter is reset either when the coin 
return lever, is pulled or during the 
machine cycle. To avoid overload 
and damage to operating parts, a 
switch that allows a 10 amp load for 
10 sec and then drops to a 0.7 amp 
load is included in the motor circuit. 


ZINC ALLOY DIE CASTINGS are used throughout the but here die castings were selected for more accuracy. 
ichine. These 31 separate components were specified as An added advantage of die cast parts in this application 
die castings to assure the accuracy required in the design. was the ease by which a decorative finish such as chromium 


\ 


ot guides in counting unit could be laminated stampings, plate could be inexpensively applied to the external parts. 
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Cigarette Machine (continued) 


CO!N DETECTOR 


COIN COUNTING 


COIN RETURN 


DRIVE COMPONENTS for package 


and match delivery include a 17,000 


Prr n fhaf rofafes 


d 


rack drive shaft 


ring that 


arm to eject 
when cam disengages follower 


od"; C 


* 


COIN ADDITION 


MOTOR DRIVE 


Match 


(one of five 


links, 
cam, 
switch 


levers and toothed parts. A 
driven by motor, operates a 
that shunt resistance 


‘amshat? (one of 


fo the lett 


and returns t 


causes match delivery 


/ a pack of matche in that 
operates 
reset lever 


ive cams shown) 


Cam that 


operates mor 
follower , 
— brake /ever 
rod 
Coin accept 


lever 


Camshaft 
ratchet 


Motor brake 


lever 


delivery arm 


shown) 


the motor to 6,000 rpm to avoid over- 
run at the end of the cycle. Pin and 
link assemblies include retaining rings 


rpm universal motor, dual worm gear puts à 


drive and an assortment of die cast 


Section B-B 
Section A-A 
PACKAGE FEEDER is actuated by a spiral spring that is 
rewound when the feeder is depressed to refill the machine. 


Stamped rack spotwelded to vertical column engages die cast 
gear on the feeder. A stop is provided to facilitate filling. 
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into the motor circuit, thereby braking 


to facilitate assembly and repair. 


Solenoia 


Coin 
addition 
unit 
return solenoid | 
SF £ $ 
4 £scapernenf? | 

/ “‘scopeme 


Coin return ~, 


| switch 
; — — — - 


escapement}— 
solenoid | 


To coin 
counfer 
contacts 


bd | | Ain 
ST: 
L L— | | closes 


return 
switch 


-Pin 


— 








Solenoid 
Silver 


contact 
plate 


nad. 


Contacts connectea 
fo price preset bars 


‘Coin accept /ever 
operated by motor 
driven link pin 


Co in Aolder 


Return coin 


N 


To coin 
collection box 


To coin return 


chute 


COIN COUNTER is a solenoid-operated escapement 
Solenoid is energized by coins hitting whisker switches in 
the adding unit. Counter is reset during coin return or 
cigarette delivery operating functions. 
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Extruded Aluminum Doors 


By combining extruded aluminum sections and steel 
strips in these bus doors, the use of sound deadening 
materials was avoided. A smooth exterior that is weather- 
proof adds to the lightweight feature. Made by the 
Heintz Mfg. Co., Philadelphia, Pa. for the Mack Manu- 
facturing Company, these patented doors represent a 
departure from the usual wood and steel construction. 
Section A-A, through a folding panel, is shown below. 
Each panel is an integral extrusion comprising an outer 
stile, a hollow-sectioned hinge stile, and a intermediate 


panel section. The hinge stile is a rectangular section 


Stee/ pane/ 
I P Rubber sealing strip 


Central longitudinal , 


Door stoff stile Outer ponel 
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‘ / 
Steel topping strip” 


with a beveled hinge wall. Inner surface of the wall is 
provided with grooves for the application of steel rein- 
forcing strips, which are used as tapping strips for the 
hinge screws. The tubular stile of the panel is designed 
to receive steel shafts at the top and bottom of the panel 
door. Operating mechanism is attached to the bottom 
shaft. Extruded panel is blanked out for the window 
openings. Window glass is applied with a rubber seal- 
ing channel. The glass is retained in the extruded 
aluminum panels with pressed steel panels that act as 
the glass retainer and the inside lining of the doors. 


Hinge stile 


Steel pane! Tongue 


Giani finger 
piece 


Rubber sealing 
hinge ‘ strip 


Inner panel 





C 


Vertical Shaft 
Suspended 


GENERAL GE ELECTRIC 


4 X4» » 

» i? m 

S5U ESO 5654 ke 

LOWATINGURS m 
* 


^ /$ 
sva 
PA? 

v $ 

T 


Magnetically 


Bearing maintenance problems are 


avoided in the General Electric type 1-50 
watthour meter by using a magnetically 
supported moving element. Corrosion 
resistant materials and improved insula- 
tion design are other features that 
Side 


problems accompanying a magnetic sus- 


reduce maintenance cost. thrust 
pension have been sols ed by providing 
a unique type of damping system. The 
meter is made by the General Electric 


Ca. Schenectady, N. Y. 


SOCKET-CONNECTED WATTHOUR METER with a pointer register. 
Unit construction is used throughout the design. Pointer drive includes a con- 
ventional dual worm reduction and spur gearing. 
supported by stainless steel pins running in aluminum bearings. 
breathing hole is provided in the base of the meter. 


Drive components are 
A filtered 


A gasket, mounted in 


the textolite base, is the seal for the glass cover. 





Cross-section of upper shaft end 


MAGNETIC SUSPENSION for the moving element is 
located at the upper end of the disk shaft. It consists of 
magnets, one mounted on the end of the 
shaft and the other in a stationary bushing. Magnet mate- 
rial is Cunico, a high coercive, machinable material. The 
magnets are magnetized axially with opposite polarities. 
The resulting magnetic field supports the rotating system 
with a fixed small downward displacement. 


two concentri 


96 


Potential coils 


ELECTROMAGNET current and potential coils are ot 
molded construction. Formed copper wire current coils 
are aligned with the electromagnet core in a mold into 
which butyl rubber is injected and cured. Potential coils 
are of similar construction except that the molding material 
is a polyethelene plastic of high dielectric strength and low 
moisture absorption. Light load and lag adjustments are 
separate. Class 2 temperature compensation is provided. 
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Stainless stee/ 
cover ring 


'\ 


One piece 
molded Textolite 
base 


\ 


Electromagret 


\ 


Die cast 
aluminum alloy 
frame 


Moving element 
components 


Aluminum 
pointer register 


EXPLODED VIEW of the type 1-50 
socket-connected meter. Selection of 
materials for the component parts 
was based on their corrosion resist- 
ance. Included in the base are ground 
stainless steel straps that contact the 


socket when the 


the current coils. 


Viole thr 


mt 


aU 


f 


m damp ng 
rm 29nefs 


7e dalai A 


Conventional Meter 
Side Thrust 


Type I-50 Meter 
Side Thrust 


two C-shaped Alnico 
agnets that are embedded as inserts in the die cast 
inum alloy frame. A magnetic shunt in the throat of 
f the magnets is moved by a screw to provide full 
adjustment. Force diagrams show how net side 
t has been reduced in the design of the I-50 meter 
ating the damping magnets close to the electromagnet. 
t pressure in the type I-50 is 100 psi. 


DAMPING SYSTEM consists of 
^n 

alu 
onc 
load 
thr 
by | 
Thr 
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These straps are mounted on the base 
with rivets that project into the in- 
terior of the meter with a controlled 
air gap spacing to the line leads of 


oe d 


meter is installed. level of the relief gaps is lower than 
the insulation level of the electro- 
magnet. Thus, overvoltage break- 
down is directed where it the 
least damage. Bottom connected type 


meter has a die cast aluminum base. 


does 


Voltage breakdown 


vii awaton "og 
FRONT VIEW 


REAR VIEW 


CYCLOMETER REGISTER, which avoids making read- 
ings between full digits, can be provided for the type 
I-50 design. This register has shafts vertically mounted to 
reduce friction. Two Cunife magnets, one fixed to the 
bearing plate and the other to the shaft of the first cylinder 
repel and attract each other during alternating halves of a 
cylinder revolution. The coercive force of Cunife is suffi- 
cient to snap the cylinders into position. 
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High Speed 


Turbine 


Cooling Unit 


This expansion turbine unit, de- 
signed to control temperatures within 
pressurized cabins of jet engined air- 
craft, weighs less than 5 Ib. It will 
create a 135 F temperature drop at 7 
Ib air flow per min. 


AiResearch Mfg. Co. 


Cal., it will create a 500 F maximum 


Des eloped by 


Los Angeles, 


temperature drop when co :pled with 
an 11} lb heat exchanger. Operating 
speed is 100,000 rpm. Maximum 


speed is 140,000 rpm. 


Manuail flow control 
valve 


edens 
Jet engine 
compressor 


Aluminum n 
tubes 1M rfl 


(242 in "T 
eoch holf) 


Bof fle j 
Ambient Hot air 


air to heot to cabin 


exchanger 
| “/OOF m 
J Coo! air 


1) — 


| Expansion 
Y turbine unit 


To 
atmosphere 


SCHEMATIC DRAWING 
exchanger and expansion turbine unit. 
( solid 


heat 
Hot pressurized air, 
bled from the engine compressor enters 
a cabin air inlet and passes through the heat exchanger 
into the turbine. Cooling air from the atmosphere, (dotted 
enters exchanger through the ambient air intake 
ind passes through heat exchanger into the fan section of 
the turbine where it is exhausted through the ambient air 
In passing through the nozzles and along blades 
of turbine wheel, the pressurized air expands and drops in 
temperature. The load of the fan on the turbine shaft 
converts further heat in the pressurized air into work and 
also prevents turbine from overspeeding. Cabin temper 
is controlled by regulating the flow valve to obtain 
a suitable mixture of hot and cool air 


shows air flow through 


arrows), 


arrows ), 


outlet 


ature 


OS 


Coo! air 
to cabin 


Turbine 


Ambient 
air from 
heat 
exchanger 


- Air to 
atmosphere 

at 
TURBINE CUTAWAY shows the mounting of the one 
piece fan and turbine shaft. Lubrication of this assem! ly i5 
provided by an oil mist circulation system. Oil is conveyed 
to the shaft through two wicks that extend into an oil : imp 
located at the bottom of the housing. Centrifugal action 
causes oil to be thrown from shaft is a mist. Two slingets 
on the shaft circulate the mist through the bearings. Plug 
are provided in housing for filling and draining oil reser 
voir. Flange mountings are provided for the duct work 
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D E 


Flectronic 
Bin Level 
Indicator 


Designed to indicate and control level in 
ins being filled with materials such as 
yal, limestone, grain or other non-fluid 
»aterials, this unit has contacts that close 
yhen the material deflects a tapered steel 
tod connected to a brass diaphragm. The 
iit described here was built for coal 
nine operation and actuates a mechanism 
that shifts the flow of coal from one 
bunker to another as they are filled. To 
woid gas or dust explosions the unit is 
hermetically sealed. The unit can be made 
«tremely sensitive and will then indicate 
depths of fill for lightweight or flexible 
materials. Known as the Bin Watch- 
man, unit is manufactured by the G. B. 


linderman Corp., Washington, D. C. 


INDICATOR UNIT is bracket mounted 
n the side of the bunker with the rod ex- 
ending below. The unit has two cast iron 
wers bolted to a cast iron body. Tapered 
teler rod is held in place by a nut that 
ears on a copper lock ring. Electrical 
ontacts are silver to insure good contact 
with light pressure. The use of a 7} ft 
teel rod in conjunction with an electronic 
time delay circuit prevents the unit from 
tunctioning if it is struck by a single fall- 
ng or displaced object. For this coal bin 
pplication a displacement of 1 in. at the 
end of the rod is required to make the 
ontact 














“BIN WATCHMAN” ASSEMBLY 


r 
over fop plate {Steel} 


Insulator washer (vukearuzed fber)- 


^ 


rew (Steel) 


Jermina 


Cover top plate screw (stee/)-~ à Insulator (vulcanized fiber) 


| Upper cover (cast iron) Outer contact ring (silver) 


Insulator bushing (spaghetti) L Rod contact (silver ring) 











ntact plate screw [Stee ). Open ng for 


2-in. conduit 
Lock washer (Steel)... 


Gasket (fabric rubber). 


Cover bolts and nuts (Stee!) 


Contact plate (brass) \\ Insulator ring 
(vulcanized fiber) 

Kod connector (brass). 

: _ Contact roal 

Diaphragm nut (elastic stop rut)~ Gtee/) 


Body (cast iron) 


Diaphragm (brass)-- 


(brass) 





\\ (cast irort) 


\ 
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~~ Uu uu 


| z / 1 \“Feeler rod nut (brass 

| Controllea E friction pad (lead)- Em — 

| circuit P Rod! | A rin ^ ) 

D. Footer red! Geol) ock ring (copper) 

| uo cycles 

| i 220,000 
1 | QO ! microfarad ohms 

| SCHEMATIC DRAWING shows standard time delay circuit that is con- 
e- | uae tained in the relay cabinet. In this cabinet are mounted four separate 
Is 2050 electronic controls that give a 1 sec time delay to prevent a single blow from 
d operating the conveyor feed controls. The small condenser charges by 
p 63, grid conduction when there is no contact made in the indicating unit. The 
n charge approximately equals the a-c voltage across the tube. When contact 
s p is made, the cathode becomes negative with respect to the plate, and the 

| 





grid negative with respect to the cathode. The thyratron is held from con- 
duction until the charge on the condenser has leaked through the resistor 
and shunted it. Time delay is controlled by condenser and resistance values. 


To bin unit 
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Ball Bat Marker 


Has Concave 


Traversing Die 


Design problem in this bat marking 
machine was to place an oval shaped 
brand on the curved surface of a 
baseball bat without affecting the 
physical properties of the bat. The 
method adopted was that of applying 
color with controlled heat and pres- 
The heat applied is not suf- 
ficient to burn the fibre of the wood. 
The machine is manufactured by the 
Acromark Co., Elizabeth, N. J. 


sure, 


Pressure 


Note that-~ 
wood is cuf 
ond fiber 
broken 





Side view 


FORMER METHOD used to brand bats was by a flat faced 
die. This illustration shows how the die has to burn at a 
greater depth in the middle than at the ends because of the 


Pressure 
Color transfer 


-Baseball baot 


Close-up view 


taper, and curvature of the bat. This depth penetration 
results in a shearing of the fibres that may cause a | 
failure. No choice of color was possible with this desig 


Controlled 
temperature die 


Note that 
fiber of wood 
/s impressed 
and nort cut 





Side view 
NEW METHOD uses a die with a concave face that approx 


imately conforms to the curved surface of the bat. Color 
transfer tape is fed between the work and the controlled 


100 


—Basebal/ bot 


Close-up view 





temperature die. The wood is not cut by this method a 
an improved appearance of color is given to the trad 
brand. Die surface is curved only in the plane illustrate 
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Direction of 
die travel 
—— > 


Ball bearing 
cradle roll 


Spring support Ball bearing 


keyed fo beam 


ENGINEERING 


pillow blocks 


Direction of 


DIAMETER COMPENSATING de 
vice is shown. Since the bats are of 
varying thicknesses and diameters, this 
mechanism was designed to assure that 
the branding pressure would be uni 
form. The ball bearing cradle rolls, 
upon which the bat rests during the 
marking operations, are permitted to 
swivel about an axis normal to the 
roll centerlines. Springs control this 
movement and thus insure a uniform 
branding pressure. 


MACHINE DETAILS are illustrated 
by the photograph and schematic draw- 
ing. The beam carrying the floating 
cradle rolls is controlled by a cam 
driven by the motor through a worm 
gear reduction. The die is traversed 
longitudinally by a crank, driven 
through a spur gear reduction and 
automatic pin clutch, in time with the 
cradle roll cam. The colored tape is 
fed by a rack on the end of the die 
that engages an over-running clutch on 
the end of the tape roll shaft. A stop 
is provided in back of the roll supports 
so that an operator will place the bat 
in the correct longitudinal position. 


die travel 
———— 
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Pinion fastened 
'o tape shaft 


~~ Colored transfer 
tape 
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Trailer Bodies 
Made from 
Sub-Assembled 


Components 


Aluminum alloy truck and trailer 
bodies made of standard panels and 
hardware parts give weight savings 
that increase pay load. When trailers 
are damaged, the body can be disas- 
sembled and standard sections substi- 
tuted for the damaged parts. By 
providing standard panel sections in 
various sizes, parts can be shipped to 
distributors where they are assembled 
into custom built units. Such stand- 
ard aluminum trailer body sections 
are made by the Reynolds Metals 
Co., Louisville, Ky. Standard body 
lengths are from 8 ft, 8 in. to 20 ft, 
4 in. in 2 ft increments, with volume 
contents from 334 cu ft to 1000 cu ft. 
Standard widths are 7 ft, 7! ft and 8 
ft. Standard heights are 6 and 61 ft. 
Dimensions of standard parts are 
held to the nearest ! inch. 


TYPICAL TRAILER BODY and exploded 
view are shown. Body exterior is flat skin con 
struction that is attached to body stakes with 
explosive rivets. Top corner casting joins front 
end section side assembly. Roof is assembled at 
factory as a unit. Exterior skin acts as load 
carrying member for each side sub-assembly 
Front end section connects to side sub-assembly 
similar to top corner casting. Parts shown in 
dotted lines are furnished by the distributor 


INTERIOR VIEW of truck body shows how 
side members are strengthened by interior lining 
of corrugated aluminum sheet. Sidewall stakes 
are roll formed aluminum sections. Body side 
rails are aluminum extrusions. Weight com 
arison of steel and aluminum bodies is shown 
by a 16 ft aluminum body that weighs 1720 Ib 
compared with a similar steel body weighing 
4310 pounds. 
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Stove Body 


Made on 
Standard Dies 


THE BODY, side panels and catch 
pan on this electric stove are designed 
to be made on standard bending dies. 
Only special dies required are those 
for piercing the heating element holes 
and notching the side panels. Ventilat- 
ing slots are stamped under the curved 
part of the body. Catch pan can be 
slid out of the stove and emptied of 
waste that collects under the heating 
elements. Material is 20 gage cold 
tolled steel stock. Components are 
spot welded together. Stove is finished 
with baked-on porcelain enamel. Stand- 
ard ceramic and nickrome wire heating 
elements are covered with a nickel 
plated stamped cold rolled steel cover. 
Three double pole, double throw 
switches provide high, low and me- 
dium heats. Stove is made by the Kord 
Electric Mfg. Co., Mt. Vernon, N. Y. 
It was designed by Charles Davies As- 
sociates, New York, N. Y 


Venturi 


Ball Valve 


HAVING TWO moving parts and 
no springs, the Paul valve applies 
Bernoulli's theorem to force a pre 
cision ball into the low-pressure cen 
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Mourn ting 
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USA tow when “open. anda 
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in. size has a } in. stroke for full 


-- Te 


Va y} 
ACC | discharge and 3 in. for 80 percent 


s 
RY discharge. Force to open valve at 50 
ps! water pressure is 9 Ib. Capacity 
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FR UODOGRESS 


In this running summary of technical developments, 


space restrictions do not allow giving complete details. 
Further information relating to any item can be ob- 


tained by writing to the Editor of Product Engineering. 


PLASTICS AND RUBBER 
MASS PRODUCTION OF PLASTIC PRODUCTS, at 


low cost and high speed, has been made possible by in- 
jection molding. Improvements in molding compounds, 
design of molding equipment and production techniques 
have made this process a modern answer to single unit 
fabrication of metal and wood products. 


B A ícw years ago a four oz injection machine was 
considered large; early last year 16 oz machines were 
acclaimed; today 32 oz machines are widely used, 50 
oz models are advertised, and moldings up to 10 Ib 
are rumored. 


W A multiple or successive-shot injection method is 
now in volume production. Plastic material is in- 
jected into one mold for the basi part. This cools 
in a few seconds, and is transferred to a second mold 
where a shot of a second color or material is injected. 
This permits production of intricate pieces in two or 
more colors, without cementing or other expensive 
fabricating. 


B Productivity of the injection molding machine de- 
pends primarily on design of the injection cylinder. 
In the latest model, the spreader or "torpedo" is 
heated independently of the cylinder wall; this means 
higher molding rates, better temperature control, lower 


pressure loss and easier disassembly and cleaning. 


SYMBOLIC OF PLASTICS MATURITY is the con 
tinued trend away from applications based only on novelty 
and eye-appeal, toward the sounder applications based 
on design for maximum utilization of the inherent prop- 
crties of plastics. This is emphasized by a recent series 
of symposia. 


E At the Chicago section meeting of the Society of 
Plastic Engineers under the panel topic of “Plastics 
in Product Design,” J. A. Boyajian of the Product 
Manufacturing and Engineering Co. spoke on "Engi- 
neering Use of Plastics in Product Design”; I. Mor- 
rison Willard, Jr., of the Montgomery Ward Co. spoke 


on “Plastics in Product Design as Influenced by the 
Consumer". 


B At the Chicago Rubber Group meeting on the sub- 

ject "Engineering with Sponge Rubber," and Fred J. 

Wehmer of Minnesota Mining and Manufacturing Co. 

spoke on "Engineering with Adhesives." 
ENGINEERING possibilities of laminates are receiving 
wider recognition. 


B Laminated phenolic nipples, 3 to 6 in dia. and 
from 1 in. to several feet long, threaded at both ends, 
are used for electrical and thermal insulation. 
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B [aminated ducts are manufactured by Boeing Air. 
craft for air conditioning and thermal anticing sys. 
tems. The Stratocruiser contains 275 of these "thin. 
as-a-dime” ducts, which will take the impact of a 
heavy man jumping on them without any damage. 
The laminates, resin-glass fiber combinations, have 
replaced metal systems because of 20 percent weight 
saving, strength, durability and ease of manufacture. 


B Similar polyester-glass fiber laminates are used for 
the exterior of a modern deluxe house trailer. The 
lightweight, toughness, non-rusting, non-rotting and 
the "no-paint needed" feature make this material a 
natural for this use. The unit is specially treated to 
make it fireproof. 


B Latest (and best) electrical-grade laminate, also 
based on glass cloth, is produced by a two-resin treat- 
ment. The glass, after a 650 F cleaning process, is 
coated with a silicone material, dried, and then re. 
dipped in a melamine resin syrup and laminated. This 
treatment provides superior electrical properties even 
when wet, as well as high arc and fire-resistance 


W A plastic aircraft wing—low pressure laminated skin 
with a honeycomb core—looks promising, according 
to reports from the Royal Aircraft Establishment of 
England. The latest model utilizes flax, asbestos, 
and paper as filler materials. Previous work in Ger- 
many had produced a complete airplane from paper- 
base sandwich construction; the plane was successfully 
flown, but had poor weather resistance. 


JUST as it is difficult to define the border-line between 
plastics and rubber, it is impossible to separate plastics 
and textiles. Of interest to engineers is the fact that 
specialized properties can be achieved, broadening tex- 
tile uses from the "untouchable" women's wear field to 
all sorts of industrial applications. 


E Polyvinyl chloride, well known as a plastic mate 
rial, and acrylonitrile, one of the constituents in the 
oil-resistant synthetic rubber, are combined to pro 
duce Vinyon N, an improved textile fiber. Advantages 
over previous vinyl fibers include greater strength, 
toughness, chemical resistance, non-flammability, low 
water absorption and immunity to rot and mildew. 


B Improved air filters have been designed from waste 
vinylidene chloride monofilaments and scrap metal. 
The new filters contain curled filaments on the intake 
side and uncurled filaments on the exhaust side, to 
provide differential filtering and increased efficiency. 
Other advantages include flame resistance, color range, 
and no splinters. 


Metal seat springs can now be replaced by poly 
vinyl chloride seat webbing. This application was 
originally developed for airplane seats and berths be- 
cause of light weight but the durablity and economy 
may promote use in other industrial seating. Poly- 
vinylchloride webs are claimed to have slow spring 
action with complete recovery and no tendency to sag: 
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ADEQUATE PROTECTION for our infant synthetic 
rubber industry was written into a bill recently passed 
by Congress. While gradually reducing government in- 
terference, the law provides that government production 
of synthetic rubber shall be terminated when consistent 
with mational security; the patent pool agreement of 
December, 1941 is to be disbanded immediately. It is 
hoped that the latter measure will promote industrial 
resc arch. 


E Rubber producing facilities with a capacity of 650,. 
000 tons per year must be maintained in operating or 
standing status; at least 220,000 tons must be pro- 
duced and consumed. The President has been asked 
to present his recommendation for further legislation 


on the disposal of unnecessary facilities by January, 
1950. 


WILL SYNTHETIC RUBBER tires ever be as good 
those produced from natural rubber? This controversy 
has been considerably influenced by the recent develop- 
ment of low temperature- polymerized synthetic rubber, 
which is promising in road tests. 


B The low temperature-produced —"Ultipara," Co- 
polymer Corp. product, is reported to be superior to 
natural rubber in truck and passenger tire treads in 
all major respects. 


B The U.S. Rubber Co. advertise that their product 
has 29 percent unaged tensile strength, 18 percent 
aged tensile strength and 53 percent better hot tensile 
strength and 450 percent better flex life than GR-S 
stock. 


BW. Schulze et al, of the Philips Petroleum Co., have 
presented in the March India Rubber World a com- 
plete survey of the physical properties of the new low 
temperature rubber, Philiprene A, polymerized at 41 
F, compared with 122 F for the original war-developed 
GR-S. Tread wear of Philprene A is claimed to be 
20 to 40 percent better than GR-S-10; resistance to 
cracking and cut-growth is also superior. If rein- 
forced with carbon, this product is reported to be 
superior in both tread wear and cracking to first quality 
natural rubber treads. 


NONFERROUS METALS 


CONTROLLED ATMOSPHERES have been widely used 
for preserving or improving the appearance of the sur- 
face of metals during annealing or heat-treatment. Bright 
heat-treatment of ferrous metals does not allow many 
variations, but most nonferrous metals can be annealed 
to same degree of brightness in different types of fur- 
nace and in various atmospheres. 

E Copper, nickel and their alloys are oxidized only 

by free oxygen; they can be protected by use of 

rbon dioxide or steam. Carbon monoxide, hydrogen 


! hydrocarbons have also been used successfully. 


E Electrolytic copper cannot be handled in hydrogen 
atmosphere because it absorbs that gas at high tem- 
peratures and becomes brittle. 


BW. Lehrer, in Metal Progress, also points out that 
hydrogen sulfide present in raw fuel gases can cause 


> ' 
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undesirable staining of copper base alloys and should 
be kept at minimum when bright annealing. 


B Precious metals are susc eptible to oxidation by water 
vapor at a critical elevated temperature. Because of 
this, precious metals and their alloys should be bright 
annealed in highly reducing, by adding hydrogen, 
atmospheres. Below critical temperature, water- 


quenching is possible. 


W Alloys of brass or gold, containing zinc, require 
use of inert gas or an actively reducing gas because 
zinc oxidizes in air, hot carbon dioxide or water vapor. 


B Nickel silvers are bright-annealed in reducing at- 
mosphere from which all carbon dioxide has been 
expelled because at elevated temperatures carbon di- 
oxide combines with hydrogen to produce water 
vapor—which reacts with zinc. 


E Silicon brasses, because of silicon affinity for oxygen, 
must be annealed in clear dry reducing atmospheres. 


B For the light metals, deterioration of the surface by 
oxidation may be accompanied by blistering. Alu- 
minum and magnesium are unaffected by gases that 
oxidize copper base alloys, so oxygen and air have 
been used successfully. Additions of minute amounts 
of sulphur dioxide beneficial for magnesium to 
prevent oxidation or major burning but are bad for 


aluminum alloys. 


WORLD DEMAND for platinum metals has been main- 
tained at a high level, with United States consuming 
about 200,000 oz platinum and 150,000 oz palladium, 
according to C. Engelhard, President of Baker & Co., 
Inc. Wartime work and peacetime research has found 
many uses for the six platinum metals. 


B They are used as catalysts in production of vitamins 
and hormones. 


EA recent paper before the Midland Metallurgical 
Societies in England, by C. A. H. Jahn, indicates that 
ruthenium and osmium have never been satisfactorily 
fabricated; platinum is widely used in the form of 
wire and contacts; palladium, because of its oxidation 
at elevated temperatures, must be annealed and cooled 
in nitrogen; iridium has not been drawn, but, after 
forging, it has been rolled into sheet, and rhodium 
has been formed into wire and thin sheet by forging 
in the early stages. 


B Rhodium is more difficult to work than platinum 
but thin layers can be plated on most base metals. 
Because it has highest reflectivity of platinum group 
metals it is being used in forming front surface mirror. 


SILICON BRONZES 
sing equipment, heat exchangers, pressure storage cham- 
bers and domestic hot water heaters. Attempts to weld 


are widely used in chemical proces- 


these structures have brought out interesting character 
istics. These have been summarized by P. J. Gurklis and 
were submitted in James F. Lincoln Foundation Design 
for Progress Award Program. 


E Inert gas shie Ided a 


are sound, strong and ductile. With nitrogen used 


rc welds, using helium and argon, 
as shield, the tungsten electrodes were rapidly con- 
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sumed. Cost of shielded arc welds was no more than sulphur and phosphorous, with cerium additions, viv 
that by oxyacetylene techniques nodular graphite in a cast iron with tensile strength oí 
65,000 to 70,000 psi, and 145,000 psi transverse rup 


B Carbon arc welds made in an atmosphere containing 


> . , ture strength. 
more than 65 grains of moisture per pound of air P 


are usually porous and will not meet bend and tensile B Discussing present-day malleable iron, R. Schneid 
test requirements wind and D. J. Reese at American Foundrymen s A; 
sociation meeting, reported that alloyed malleable wit] 


E Shielded metallic arc welding technique made good i 
| to 14 percent copper, nickel or molybdenum has 


welds but showed slag inclusions that had to be . y ` a 
about 6,000 psi higher yield strength than unalloye 


malleable cast iron. 
NEW METHODS of assembling stainless steel have 
helped push per capita steel output in the United States 
to seven times above the world average. In 1947, w 


€ hipped out 


ELECTRODEPOSITS of any commercially plated metals 
can now be applied to any commercial magnesium alloy 
by a new process developed at the Dow Chemical Co. 


Standard plating techniques are used after depositing a : i : 
i cording to the American Iron and Steel Institute, stee 


sales set peacetime records, though profits per sales dol 


B Parts so plated have been hammered and rubbed lar were down. Three stainless steel techniques indicate 
without lifting the deposit, and the finish has with increased future use. 


thin zinc film on the parts 


stood heat, humidity and salt spray tests. : a ; 
W Edge welding of irregularly-shaped stainless. steel 


B Decorative qualities of the finish are useful for containers by inert gas shielded arc process is facili 
automotive and building hardware, and cameras. tated by using templet and magnetic tracing head. 

B Magnesium engraving plates are being experimen- 
tally chrome plated and show increased wear resistance. 


B Stainless steel tubes have been welded to stainless 
steel tube sheets, by shielded arc process, to form cor 
NEW MAGNESIUM ALLOYS and new forming tech- rosion resistant condensers. Superficial finish grind 
niques have increase use of magnesium and point toward ing costs $8 as compared to $50 for former welding 
greater use. Three examples are worthy of attention. proc edures. Because pure argon shielding gas is ex 


i pensive, this is not the whole cost story. 
E Douglas-built, Navy D-558-2 Skyrocket used stretch- 


forming techniques extensively. Preheated magnesium B Furnace brazing of heat-resistant alloys containing 
sheet was formed to desired contours by stretching it chromium, used in construction of jet engines and 
over a heated die : rockets, has recently been done without oxidation of 
the chromium. Stainless steel parts, with copper slugs 
placed at the joints, are sealed in a box that is then 
filled with pure hydrogen. The sealed box is placed 
in an electric furnace for 20 min to one hour. 


E Process and Development Engineer D. A. Tooley 
has said that 10 percent of airframe weight can be 
magnesium alloys now available. If extremely high 
performance requires unconventional construction, as 
much as 25 percent can be used. SCUFFING AND SCORING of piston rings, pistons or 
cylinder walls has been reduced by a protective coating 
applied to cylinder walls of all engines produced by 
Dodge Division of the Chrysler Corporation. The man 
ganese iron phosphate crystals give several desirable 
properties to the coating formed. 


B The United States Army, as reported by Lt. Gen. 
R. A. Wheeler, Chief of Engineers, is redesigning 
equipment in magnesium so that it can be carried by 
air. A new alloy has been produced in the laboratory 
that is twice as strong as present alloys and 12 per l 
cent lighter. Making a metailurgical paradox, this B Coating is porous and traps lubricating oil that in 
stronger alloy is easier to extrude and roll. sures adequate lubrication at all speeds. 


E Combination of better lubrication and chemical 


IRON AND STEEL properties of protective coating helps prevent local 
heating and resultant flow or drag. 
DUCTILE CAST IRON may be on the way if British 


indications pan out. The British Cast Iron Research As- 
sociation is investigating possibility of producing iron 


B Crystals become chemically combined. with cylinder 
wall metal and technique could be used to reduce flow 


of metal under conditions of high heat or pressure 
that will cast with nodular graphite structure and will 


not require heat-treatment. 


E Ductile castings are now produced by long heat 
treatment of white iron castings that changes flaky 


: The “Progress in Review” section, a reader service 
graphite to nodules. 


for 18 months, is now ready to remove its swaddling pin 
B Though properties do not duplicate malleablized clothes and take its proper place. Because of the — ties 
est shown by readers’ inquiries, the editors feel the |Ẹ ide 
section should be dressed up in keeping with its func- seve 
tions. Commencing with the July issue, the more |f teres 
mature version will be found under a new title im- |Ẹ the 
B H. Morrogh and W. J. Williams of BCI Research mediately following the table of contents. the | 
Association have revealed that a silicon iron, low in | E prob 


white iron yet, deflection of 0.90-1.05 in. and 90 ft-lb 
impact on 1.2 in. dia arbitration bars indicate 
toughness 


i Ph 
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TEST RESULTS OF FUNGUS GROWTH ON TREATED 
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Ed Untreated cork 
Beta Napthol 


reacted phenol and other materials in 
the resinous binder of the cork, which 
appear to have limited resistance to 
fungi growth. 

The tests were extended for an addi- 
tional two months. Samples of cork 
treated with five percent salicylanilide, 
which failed to grow fungi in two 
weeks, were still unaffected at the con 
clusion of the longer test. It was 
noted that in most cases there was a 
marked tendency for final fungi 
growth to be independent of the fun- 
gicidal properties of the material. 
Once the fungi appear, they approach 
the same degree of growth. 

When selecting a fungicide for 
optimum characteristics after heat- 
aging, choose one that will prevent 
original fungi appearance for as long 
AS possible. 

To determine if any corrosion haz- 
ards exist with these materials, sam- 
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l= Incipient growth 


4= Heavy, widespread growth 


ples of beta naphthol and salicylanilide 
treated cork, salicylanilide crystals, and 
plain cork were placed in contact with 
strips of brass, aluminum, silver 
plated brass, nickel plated brass, gal- 
vanized steel and copper. These sam- 
ples were exposed to the same atmos- 
phere as was used in testing for fungi 
growth. Except for slight tarnishing 
of the copper in contact with the 
salicylanilide treated cork, no corro- 
sion occurred. This confirmed other 
reports that indicated that salicylanil- 
ide is non-corrosive or even corrosion 
inhibiting. 

From the bar graph, it can be seen 
that short, high heat lowers fungicidal 
properties of salicylanilide less than 
long, low heat. With baking tempera- 
ture of 125 C, it can be seen that 
heat-aging longer than 4 hr has no 
effect on either time for first appear- 
ance or intensity of fungi growth. 
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Fabricating and engineering properties of sheet aluminum-magnesium-silicon alloy per 
61S. Data included covers heat-treatment; mechanical properties of sheet both with- esire 
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out and with heat-treatment, and in work-hardened conditions; and resistance to cor- Si 


rosion. Welding and forming characteristics of the alloy sheet are discussed. 
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JOSEPH J. WARGA 
Development Engineer, 
Kimble Division Owens-Illinois Glass Company 


neering and fabricating characteristics. 
These should, and are, contributing to 
the more general use of 61S in sheet 


nealed (O) and solution heat 
(W) tempers is good, and its exce 
lent corrosion resistance and reason 








-— 

metal manufacturing. able cost compare favorably with con El ar 
AMONG THE WROUGHT ALUMINUM In common with the majority of the mercially pure aluminum sheet. ‘artial 
ALLOYS currently being produced in structural aluminum alloys, 61S is Alloy 61S is manufactured in the Dm 
the United States, is the aluminum-  heat-treatable. Its temper modifica- form of sheets and plates, extruded Precip 
magnesium-silicon alloy designated as tions can be varied from 16,000 to shapes, tubing, rods and bars. This 550 
61S. In comparison with the higher 50,000 psi in ultimate tensile strength. discussion refers specifically to the ae 
strength air frame sheet materials, 61S Unlike the high strength alloys, how sheet stock. The general characte! hi 
appears to be little known, but it pos- ever, it is easily fabricated by fusion istics are the same for all forms, bu 8} h 
sesses an unique combination of engi- welding. Its formability in the an- detailed fabricating properties difter e 
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temperature soak and a fairly rapid 
quench. The temperature range most 
commonly used is 960 to 980 F. The 
soaking time for 0.064 in. sheet is 30 
minutes. An alternate treatment may 
be used to stabilize the room tempera- 
Sassi dac) die ture mechanical properties of the sheet, 
dienen cust ARV : in which the solution temperature is 
within the range of 900 to 930 F. The 
HP Pm quenching rate is not critical, so that 
Stretched 5% an air cool may be used with little 
Hammered 5767 decrease in resulting strength, which 
may be of value in heat-treating formed 
parts for minimum warpage. 
Inasmuch as solution heat-treatment 
Stretcheal 5% produces a thermodynamically unstable 
: condition ia this alloy, it is possible to 
precipitation heat-treat over a wide 
range of time- temperature cy les. 
Physical properties of 61S-W sheet ob- 
| Uns trained tained with different time- — 
cycles are shown in Fig. 1, prepared 
by the Aluminum Research Labora- 
tories. 
As with the other wrought alloys 
ELONGATION aged at elevated temperatures, work- 
hardening prior to the precipitation 
treatment has a small but measurable 
influence on the yield and tensile 
strengths. This is demonstrated in 
Fig. 2, based on data reported by the 
author (see “The Precipitation Heat- 
Stretched! 5% Treatment of Work-Hardened 61S-W 
Hammered 10% uiid , à; Aluminum Alloy Sheet", Transactions 
0.01 0.1 T A.S.M., Vol. 39, 1947). Further- 
Heating Time in Hours more, such work hardening apprectably 
increases the rate of precipitation. At 
350 F, for instance, it is possible to 
Effect of exposure at 400 F on work-hardened 61S-W aluminum alloy sheet. achieve maximum strength in swe 
i hours, whereas the usual time required 
is 81 hours. 
HEAT-TREATMENT. — The heat-treat- — effect some recovery by heating rapidly Precipitation heat-treating imme- 
ent of the alloy is divided into three to 650 F, holding for about ten min- diately after quenching in cold water 
atts; Annealing, solution heat-treat- utes, and ‘cooling i in air. This practice will further increase the strength, as 
ent, and precipitation heat-treatment. is not recommended for other than compared to normal processing, but 
Annealing consists of heating to material that was originally in the will have no influence on the rate of 
ithin the range of 750 to 800 F for annealed temper. The author has the reaction. The physical properties 
out two hours, and then cooling to found that such a short time treatment given in Table I were obtained through 
20 F at a rate not exceeding 50 deg produces little or no softening of solu- the use of the treatments described. 
per hour. Occasionally, it may be — tion-heat-treated sheet, and sometimes 
‘sired to soften work-hardened sheet develops a less easily formed material. MECHANICAL PROPERTIES. An overall 
tween forming operations. To soften Solution heat-treatment is a two part comparison of the mechanical proper- 
I$ in this condition, it is possible to operation consisting of an elevated ties of some aluminum sheet alloys is 
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Table I—Phy sical Properties After Thermal Treatment For 0. ).064 i in., 61S Aluminum Alloy Sheet 


, Yield Str, Tens Str, €^. Elong 
Ure: itment At 0.2% Set, psi psi in 2 in. 


ll anne al (780 F 2 hr, cooled to 450 F in 8 hr) ps 245 7 ,000 16,500 24 
‘attial anneal (work-hardened S-W sheet, 650 F 10 min, air cool)*. ....... sus 19,200 27,700 8 
olution heat-treatment I (975 F 30 min, cold water quench).... - 19,800 35.000 20. 
‘lution heat-treatment II (925 F 30 min, cold water quench) 15,500 27,500 21 
ES ition heat-treatment I (975 F 30 min, cold water quench, held room temp 24 hr, heated 41,500 44,600 10.: 
3 $ hr) 
Tu tion heat-treatment II 975 F 30 min, cold water quench, immediately heated 350 F 46,500 
r 
'tdpitation heat-treatment III (925 F 30 min, cold water quench, immediately heated 350 F 27,500 
ir) 
m 


"Properties after work-hardening: Y S, 34,500; T S, 41, 000; Elong, 8 percent. 
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— l À ; s presented in Table II, which is 4 
l'able H—Mechanical Properties of 0.064 In. Aluminum Alloy Sheet compilation of data released by th: 758-V 
l'enaile Aluminum Company of America ani ['!£!P 
Yield Str Ult Tens Str, Elongation, Ult Shear Str, End. Limit, the Reynolds Metals Company. The veld 
Alloy 0 2% Set; pst psi “o in 2 in psi psi general excellence of 61S is clearly All 
- : e á A ; ME : « in ý stani 
25-0 5.000 13.000 35.0 9.500 5.000 indicated by the typical values in ten vw 
2S-4H 14,000 17.000 0 11:000 7.000 sion, fatigue, and shear. out € 
15-O 6,000 16,000 30.0 11,000 7 ,000 I o be 
3S-4H 18,000 21,000 8.0 14,000 9 .000 WELDABILITY. Gas welding opera. [excess 
ET 2 2i n .ü i tions in 61S are more difficult than [an b 
248 6, 68, 0 41,000 8,000 te wm d s. aia a 11 
248-RT 57 ,000 73,000 i0 42,000 in 2S, 3S, or 525; however, gas weld. | nec 
:28-0 14000 29000 0 18000 12.000 ing is practicable and for oxyhydrogen feet. 
528-4H 29,000 37 ,000 0 21,000 18.000 a rate of 4 to 6 in. per min is common. feani 

e? 1 € ; : 

2S-H 36,000 41,000 0 24,000 19,000 By using oxyacetylene, a speed of 10 [round 


615-0 8,000 18,000 0 12,500 9/000 | 
61S 21000 35000 0 14000 13 500 in. per min can be attained. Both best r 
618-1 40,000 45.000 0 30.000 13.500 values are for 0.064 in. sheet. Weld 


755-0 15,000 33,000 0 : cracking is infrequent; some anncaling ['oRM 
Eo 200 i : 47 ,000 22 00 occurs near the weld region, but the preci} 
R301- 41,000 62.000 0 corrosion resistance is not adversely neces: 
R301-T 60,000 68,000 0 $3 O00 500 affected as in the higher strength, heat- fit ma 
R303-0* 15,000 30,000 0 : ; treatable alloys. possil 
R303-1 71,000 77 ,000 Ü 37,500 22,200 Both bare and covered electrodes frempe 

* R303 currently out of production may be used to arc weld 61S, but arc fatmos 
welding, except for inert atmosphere Bperiox 
welding, is not as satisfactory as gas fore, 
welding for the thin gages. The arc ost | 
has too great a tendency to waver even fireat 
with covered electrodes, and constant [opera 
care is necessary to obtain high quality 
welds. 

The welding characteristics of the 
non-heat-treatable alloys and 618 e 
hibit very little difference when argon 
shielded arc welding is used for join 
ing. Using a stabilized a-c machine 
and a welding current of 90 to 95 amp 
it is common to machine weld 0.064 
in. sheet at the rate of 40 in. per min 
with an argon consumption of 8 litres 
per minute. Using downhand weld 
ing, a trained operator can weld by 
hand at the rate of 18 to 20 in. per 
minute. 

Recently the author had occasio 
to check the formability of argon-ar 
welded 61S-W/ sheet. It was found 
that the loss in ductility is negligible 
when machine welding is used and 
the weld is parallel to the direction 
of the principal straining. Hammering 
the weld decreases the ductility, while 
rolling has no such adverse effect 
Solution heat-treating after welding 
produced a ductility greater than that 
obtainable with unwelded sheet 

The ductility of the welded sheet 
is indicated in Figs. 3(A), (B), and 
(C). As shown in Fig. 4, the ends 
of the test specimens were restrainec 
by bolting them, between two smoothly 
polished steel plates, against channel 
irons. As a result, the full strength 
and ductility is not clearly demon 
strated, since tear-out occurred at the 
bolt holes. When failure occurred in 
the unrestrained portions of the spec 
mens, it was not preferential to the 
Fig. 3—Specimens after ductility tests. (A) Sheet with no weld. (B) Sheet with weld, even though no heat-treatment 
machine weld parallel to direction of pull; sheet in as welded condition, (C) was performed. In limited test: con 
Sheet with machine weld parallel to direction of pull; sheet was solution heat-treated. ducted with 24S-T, R301-W, anc 
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^S.W, it was found that failure 
originated directly in the center of the 
‘th, gweld 
Alloy 61S is readily joined by re 
itance welding, either with or with- 
xut cleaning the surface of the sheets 
w be welded. Consistent welds in 
excess Of AAF or Buaer requirements 
in be obtained, although tip pick-up 
snecessarily higher with the uncleaned 
heet. In general, when chemical 
leaning methods are used, it has been 
found that alkaline cleaners give the 
est results. 


FoRMABILITY. When the solution or 
xecipitation heat-treated material is 
necessary for strength requirements, 
t may be desirable to investigate a 
ssible savings in cost. The W 
emper of 61S hardens when stored at 
tmospheric temperatures over long 
periods of time. It is possible, there- 
fore, to purchase at a lower initial 
ost the as-rolled sheet and to heat- 
rat it directly before severe forming 
perations. In this way, advantage 
in also be taken of the excellent form- 
ag quality of the freshly quenched 
HOY. 

For a simple 90 deg bend, it has 
en found that 61S-O and freshly 
uenched 61S-W can be formed over 
i sharp corner. Stored 61S-W sheet 
requires a radius between 3 and 1j 
imes the thickness of the sheet. 61S-T 


requires a forming radius between 
and 2 times the sheet thickness. 

Edge condition may or may not be 
mportant, depending upon the appli- 


ation. Sheared 61S with no sub- 
equent smoothing of the edges has 
i greater tendency than 24S and 52S 
(0 produce edge cracks in stretch 
langes. For the same reason, it is 
idvisable to deburr 61S prior to 
tretch forming. 

No published data on the tendency 
f 61S to work-harden are available. 
Table III presents some results ob- 
tained with 61S-W, in which the sheet 
was held at room temperature for 24 
it after solution heat-treatment. The 
sults indicate that the solution heat- 
teated temper loses its ductility more 
apidly than the non-heat treatable 
illoys such as 2S, 3S, and 52S. This 
haracteristic is probably true of the 
inealed temper also, even though it 
Sin the more stable condition. 

Where forming applications are 
tvere, or the formation of a high 
"eld trength is desired, it may be 
iuable to resort to forming at ele 
ated temperatures. Fig. 2 shows, 
ind Dorn agrees, that 61S-W ex- 
bits an increase in yield strength 
when held in the range of 400 to 450 

for five to twenty minutes. (See, 
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Fig. 4—Specimen sheet fastened in jig ready for ductility test. 


Jig rests on platen 


of testing machine. Ends of specimen are bolted between steel plates on channel irons. 


J. E. Dorn, A. E. Flanigan, and L. F. 
Tedson, "Study of the Forming Prop- 
erties of Aluminum Alloys at Elevated 
Temperatures”, Part IX, O.S.R.D. Re- 
port W-152, Nov. 1, 1944). Dorn 
further reports (See, Ibid., Part V, 
O.S.R.D. Report W-111, June 10, 
1944), that 61S-T has better draw- 
ability at 400 F than does 61S-O at 
room temperature. 61S-T, however, 
will exhibit a loss in yield strength 
when held in the range of 400 to 450 
F for periods exceeding five minutes 
near the upper limit of temperature. 


CORROSION RESISTANCE. It is reported 
by Spacht that the wrought and cast 
aluminum-magnesium alloys are the 
most resistant of any aluminum alloys 
to alkaline attack (See, R. B. Spacht, 
“The Corrosion Resistance of Alumi- 


Table IH 


Yield Strength 


Condition 0 


Unstrained.... 

Stretched 5%.. 

Hammered 5%.. 

Stretched 5%, Hammered 5°, 
Stretched 5%, Hammered 10°; 


num and Its Alloys”, Jour. Chem. Ed., 
Vol. 23, May 1946, pp 253-57). Such 
resistance is a direct function of the 
magnesium content. P. Brenner and 
F. Plattner (See, An abstract of Ger- 
man authors, "Corrosion of Aluminum 
Alloys", Metals and Alloys, Jan. 1941, 
p. 100) in corrosion tests conducted 
over a period of 33 years, discovered 
that the Al-Mg-Si sheet alloys ranked 
slightly below the binary Al-Mg al- 
loys in resistance to atmospheric attack. 

In marine atmospheres R. B. Mears 
and R. H. Brown, (See, "Resistance 
of Aluminum Base Alloys to Marine 
Exposures,” Marine Eng., Dec. 1944, 
pp 170-1), state that 61S-T is but 
slightly less resistant than the alloys 
listed above it in Table IV. No ap- 
preciable difference appears between 
the precipitation heat-treated and other 


-Work-Hardening of 61S-W Sheet 


Tensile Strength ^; Elong 


2%% Set, psi psi in 2 in. 


19,800 
33,200 
34,900 
36,500 
39,100 


40,600 
43,900 
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tempers, and slow cooling has but 
little effect on the behavior. The ob 
servations of the writer indicate that 
there is very little difference in reac- 
tion between the first six alloys listed 
in Table IV, whereas the differences 
between the alloys 53S and 61S and 
the alloys 17S and 24S are so great 
that the value of the listed merit rat- 
ings is distorted. The suggested order 
of merit given in the third column of 
Table IV establishes a more accurate 
comparison. 


Cost. The basic price of 61S when 
compared with equivalent thicknesses, 
sizes, and tempers of other aluminum 
sheet alloys, is less than any except 
2S and 3S. Table V gives the latest 
available prices for flat and coiled 
sheet, based on a thickness of 16 gage 
(0.064 for flat and 0.061 for coiled 
sheet), and a minimum weight of 
30,000 pounds. For flat sheet, the 
comparative size is 48x144 in. and 
for coiled sheet width is 24 inches. 
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Table IV 


-Resistance of Aluminum Base Alloys to Marine Exposures 


\tmospheric Exposure Near The Sea 


Alloy 
Alclad 24S-T and Alclad 17S-T. 
2S and 525 
538 | and 61S-T 
17S-T and 24S-T 


Order of Merit (Mears 


Suggested Or 
) 


l 


Exposure to Sea and Harbor Waters 


Allov 
Alclad Alclad 17S-T. 
528 
53S-T 
17S-T 


24S T and 


and 61S-T.. 
and 24S-1 


Order of Merit (Mears 


Suggested Order 


] l 
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Table V—Aluminum Alloy Sheet Costs 


Flat She et 


Alloy and Temper Cents per lb 


2S-3H 
3S-1H 
525 (all 
615-0 
61S-W 
61S-T 
24S-O 
245-T 
R301-O 
R301-W 
R301-T 
75S-O 
75S-T 


«D uiui 


1 


239 C22 2 t2 2 602 


~ 
~~ 
PO © 


at 


3 
Jo m 


at 


Coiled Sheet 


Alloy and Temper Cents per |b 


2S (all) 
3S (all) 
528 (all 
61S (0 and as rolled) 


wr Wo 


t2 t3 r2 P2 | 


Ju 


248 (0 and as rolled 


R 301 0 and as rolled) 


75S (0 and as rolled 


Vibration Generator Tests Ship Strength 


GENERATORS, 
suggested in Germany during the late 
1920's are being used on a larger 


VIBRATION originally 


scale according to a recent report 
issued by the Office of Technical Serv- 
ices. The report, prepared by E. O. 
Berdahl of the David Taylor Model 
Basin, discusses United States Navy 
use of vibration generators to investi- 
gate dynamic characteristics of ships, 
bridges and other large structures. 

Initial use of vibration generators 
was to set ship structures in resonant 
vibration so relative stiffness of the 
structure could be determined with 
recording instruments. If the naturai 
frequency and corresponding stiffness 
of the ship were found to be lower 
than estimated satisfactory values, it 
was concluded that either ship joints 
were not sufficiently rigid or design 
of ship was incorrect. 

This generator, purchased from 
Germany in 1931, develops a vertical 
sinusoidal force with a maximum 
single amplitude of 44,000 lb at 
speeds from 105 to 480 rpm. It will 
generate a comparable maximum force 
of 11,700 lb in the same direction at 
its lowest running speed of 54 rpm. 
Operated on d-c power, the total 


112 


rated power consumption of the two 
driving motors is 30 kw. The com- 
plete apparatus weighs 49,500 pounds. 

The machine consists of two paral- 
lel shafts geared together by two large 
single helical gears on one shaft. This 
arrangement ensures synchronous ro- 
tation of the two main shafts in op- 
posite directions. | Each. main shaft 
is driven by a d-c motor through re- 
duction gear trains with ratios of 6 
to 1 or 16 to Each shaft carries 
a 6,000 Ib eccentric that can be ad- 
justed to various amounts of unbal- 
ance. The machine base must always 
be horizontal and the magnitude of 
the exciting force is directly propor- 
tional to the unbalance. In operation, 
the vibrator is run at resonance while 
the structure under study is explored 
with instruments to determine its 
mode of vibration. 

On ships, units can simulate excit- 
forces of shaft and blade fre- 
quencies and can indicate speeds 
likely to produce resonance in opera- 
tion. It can also be used to determine 
stiffness bridges, effective masses 
and natural frequencies. It may even 
be used to measure the excitation 
given a bridge by such forces as the 


ing 


drivers of a steam locomotive. It is 
a practical way of determining pe 
riodically whether a change has taken 
place in the stiffnesses of bridge 
structures. 

Another possible application is to 
use the generator to relieve the stress 
of welded structures. The technique 
consists of creating dynamic stresses 
which, when ad led to the locked i 
stresses in the structure, will cause ih l€ 
yield point of material to be exceeded 
with consequent plastic flow. 

Vibration generators of various 
sizes and capacities have been used in 
Germany. Large units have been 
used to determine the stiffness 0! 
building foundation sites and road 
beds in order to anticipate difficulties 
caused by uneven soil settling. 

The report (PB-81751; “Construc 
tion and Operation of the Losen 
hausen 44,000 lb Vibration Genera 
tor”, 31 pages, 1947) sells for $4 
per photostat copy, and $1.75 pe 
microfilm copy. Orders Id b 
addressed to Office of Technical 
ices, Department of Commerce, Wash 
ington 25, D. C. and accompanied by 
check or money order payable to the 
Treasurer of the United States. 
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Patents, and the protection of inventive ideas, are both misunderstood 
subjects in the engineering profession. Attitudes range from secrecy 


to lack of record-keeping, which leads to inadequate protection. 


By With normal business competition again regulating the American 
H. A. TOULMIN, JR. economy, patent protection is assuming ever-increasing importance. 

Toulmin & Toulmin This great interest coupled with evident widespread misunderstanding 
of our patent system, prompted H. A. Toulmin, Jr., nationally known 
patent attorney, to write a detailed analysis and guide for the use 


of engineers and others not experienced in patent law. 


Product Engineering presents this special report in two parts. Part | 


deals with patent procedure, Patent Office rules, and the many 


methods for testing and protecting patentable inventions. 
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The American Patent System 


"To promote tbe Progress of 


Science and useful Arts, by se- 


curing for limited Times to 
Authors and Inventors the ex- 
clusive Right to their respective 
Writings and Discoveries.” 


— THE CONSTITUTION OF THE 
UNITED STATES 


Number Number 
Patents f | Employed 
(Thousands) Bl inventions set off economic “chain reac- (Millions) 
600 tions": They enable men to make more goods 60 
for more people at lower cost — resulting in 
more jobs. When viewed over the stretch of a 
century, it is evident that inventions patented 
500 in each decade have paced an impressive climb 50 
E in the nation’s overall employment. 
400 40 
300 30 
e 
200 & 20 
x 
Patents 
185! 1870 1880 1890 1900 1910 1920 1930 1940 1950 
to 
1860 (Estimate ) 
SAMARIA 





THE AMERICAN SYSTEM of patent pro- 
tection is unique. We say to the in- 
ventor: “If you will make an inven- 
tion of public benefit and will 
disclose that invention promptly for 
the stimulation of industry, the United 
States government will give you the 
right to exclude others from manu- 
facturing, using or selling that inven- 
tion for a period of seventeen years. 
You will not have to pay any taxes on 
that invention. because we are going 
to rely on the good sense of the people 
of the United States to help you put 
your invention into practice, if it has 
merit. The resulting increase in busi- 
ness will be worth more than all the 


taxes that we can get." 
Because of the free opportunities 
available to inventors in the United 


States, invention has been practiced by 
practically every sort of person. Abra- 
ham Lincoln an inventor of the 
"water camel", a device for lifting 
boats over sand bars in mid-western 
Thomas Jefferson was the in- 


Was 


rivers 























ventor of a plow, as was Washingto, 
Mark Twain was the inventor of , 
scrap book that is used today. Morse 
who invented the telegraph, was a por 
trait painter by profession; Bell of 
telephone fame was a teacher of deaf 
mutes; and Edison earned his living 
as a journeyman telegraph operator 


In some of the great periods of 
industrial history in the United States. 


inventions changed the economi 


course of our country. There were 
three great eras of manufacturing 
prosperity and advancement in the 


United States, which coincide with the 
three great eras of invention 

The first period was from 1780 t 
1830; the second from 1830 to 1880 
the third period from 1880 to 1947 
The first period was the conversion 
from artisanship at home to factory 
The second period was 
of factories 


manutacture. 

the integration 
cialized intra-state establishments 
ganized along functional lines, such 
as foundries, machine shops, forge 
shops, and the like. Factory organiza- 
tion characterized the third period 


into spe 


or 


engineering principles were applied 
to management, financing and cor 
porate organization. 

From 1780 to 1830, introduction ot 
the steamboat on the great American 
rivers marked the beginning of the 
age of steam and waterborne trans 
portation. From 1830 to 1880 the 
Pullman car and the revolution caused 
by the Westinghouse airbrake made 


high speed mass railroad transporta 
tion possible. From 1880 194i 
the automobile, telephone, busines 
machines, carborundum, the Hall pro 
ess of obtaining pure aluminum, and 


to 


radio, based on activities of Marconi 
DeForest, and Pupin, were developed 
What has been the economic result 


inventions 7 

In the period from 1873 to 1923 
including average times of prosperity 
and depression, our population ia in- 


of 


creased 158 percent, total weal th 1 

creased 753 percent; while pe! capi 
wealth rose 223 percent, or fron 85 
to 2,689 dollars per person Bank 
deposits grew 1,758 percent and the 
value of manufactured goods 1,50 
percent; compare this with à agti- 
cultural growth of 336 percent show- 
ing a marked trend towards indus 


trialization and capital wealth 
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[HIS DISCUSSION is concerned only 
vith patentable inventions, for this is 
he only type considered by the Patent 
Ofice and the courts. 

A patentable invention is a con- 
rete, workable expression of an idea 
hit is new and useful. It can be a 
new and useful proposal derived from 
n old combination of parts or steps 
n à process; or from a new combina- 
jon; or from partly old and partly 
ew elements or steps. It can be à 
ew article of manufacture, a process, 
; machine, a composition of matter, 
plant, or a design. It must not be 
nerely a thing that is more conven- 
ent, easier to Operate, cheaper, lighter, 
djustable, simpler, or any one of the 
'dinary comparative advances in an 
ndustry resulting from the applica- 
ion of ordinary mechanical skill, 
tandard electrical technique, or engi- 
ering or scientific knowledge. 


A manufacturing process is clearly 
n "art", within the meaning of the 
iw. Goodyears patent was for a 


YOcess—vulcanizing india-rubber by 
ubjecting it to a high temperature 
khen mixed. with. sulfur and a min 
The apparatus for perform 
ng the process was not patented, and 
"s not relevant to the patent. In 
Nielson's. patent. for applying a hot- 
last to furnaces by forcing the blast 


eral salt 


a vessel situated between the 
apparatus and furnace, the 
the heated vessel was stated 
immaterial. 


rough 
lowing 
rm of 


the patent io be 


machine” as used in the 
atent statute includes every mechan- 


The term 


al device or combination of power 
nts and devices to perform a func- 
n and produce an effect. However, 
person cannot describe a machine 
at will perform a specified function, 
ind then claim he has patented the 
nction itself and all other machines 


ut might be invented to perform 
ich function. Function is not 
itentahle as. defined in. the statute. 
The term “manufacture” as used in 


€ patent law, has a comprehensive 


‘nse, embracing whatever is made by 
an, not including a machine, a com- 
Ostion of matter, or a design. Ar- 
cles manufacture can be new in 
€ commercial sense, and not new 
n the sense of the patent law. New 
ticles of commerce are not patent- 
le as new manufactures, unless it 
'NODUC |. ENGINEERING — JUNE, 1948 


Characteristics of 


Invention 


is proven that the production of the 
new article involved the exercise of 
invention or discovery beyond what 
was necessary to construct the appara- 
tus for its manufacture or production. 


Mere improvement without inven- 
tion is not patentable, and the fact 
that a substituted device is greatly 
superior to the one it replaces is not 
of itself proof of invention. To be 
patentable, improvement must be a 
product of original conception—the 
more extended application of an origi- 
nal idea is not invention. 

The law regards a change as evi- 


degree of change, dividing inventions 
into primary and secondary, and giv- 
ing proportionate dominion to the 
claims granted. Thus, an invention 
can be broadly new, subjecting all 
that comes after it to tribute; or, it 
can be only a step in a series of devel 
opments, and limited, therefore, to 
its precise form and elements. The 
latter type has as firm a right to pro- 
tection the former. 

A patent for an improvement will 
be granted if invention is proved, 
even though the patentee of neither 
the original device nor the improve- 
ment can use his invention alone 
This may lead to a deadlock. The 
only way out of such a situation is by 


as 











dence of novelty. It also recognizes common ow nership Or cross licensing. 
PROTECTION OF INVENTION 
Conception of P ] 
l invention | 
RS e ae — 7 
le Evaluation | 
Novelty search to de- | " Research and experi- 
Š termine patentability mentol work 
ci a Bi eee 
Sketches and | 
5 drawings 6 Reduction to practice 
[_ Consultation with 
|7_patent attorney 
_ Infringement — | | [. Preparation of | LL 
| .. seorch — ad 18 application - "o IO Novelty search | 
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lu Drafting of claims 
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Application received ] 


[7 at patent of fice 


12 Patent drawings | 
Assignment of 
Invention. 
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. Recording of 
IS assignment 





The steps between conception of invention and the Patent Office 
are many and well defined. Each step is equally important, 


and requires careful thought 


if the patent is to be valid. 





According to a court decision: “A 
patentable composition of matter may 
well result or be formed by the inter- 
mixture of two or more ingredients, 
which develop a different or addi- 
tional property or properties which 
the several ingredients individually do 
not possess in common." 

The discovery, that acetone used as 
a solvent for acetylene gas made a 
solution having none of the explosive 
properties of either substance singly 
and therefore could be safely handled, 
was held patentable. 


The Act of Congress which au- 
thorized the grant of patents for de- 
signs. contemplated appearance more 
than utility. It is not the manner in 
which the appearance is produced but 
the appearance itself, that is the pat- 
entable element. 

Some designs can be protected un- 
der the design patent law, the copy 
right law, or the new trademark law, 
and the owner of the design can 
choose the law under which he will 
seck protection. 


Scientific principles and laws of 
nature belong to the common store 
house of public knowledge. There- 
fore, discoveries that reveal new 
fundamental scientific principles are 
not patentable. However, as soon as 
such a discovery is given a concrete 
application for the creation of a new 
art, or the advancement of a known 
art, it becomes invention. 


Legally, an inventor can only be a 
natural person, not a corporation. 
When two inventors work together 
for a common end, finally accom- 
plished by the contributions and 
united efforts of both, the invention 
is joint. Neither can secure a valid 
patent as the sole inventor. 

Even when one person conceives the 
entire invention, and another makes 
a suggestion needed to make the con- 
ception a success, it makes them joint 
inventors 

A person directing others to carry 
out his general ideas can be an inven- 
tor, even though he is not the actual 
discoverer of the particular thing that 
constitutes the final invention. The 
accomplishment of the associate is 
considered an expression of the in- 
tellectual activity of the principal. 

Because the law protecting inven- 
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tion is based on the idea of promoting 
public welfare, it requires that the 
patent be sufficiently explicit to enable 
others to benefit from the ideas. The 
proposer must have something more 
than a general idea; he must show in 
what manner it can be done. 

The necessity for making claims 
complete was dramatically illustrated 
in a patent application for an ap- 
paratus for softening water. It dis- 
closed a process of softening water 
by means of "zeolites" which, after 
removing calcium and magnesium 
from hard water, and giving up their 
sodium base, are regenerated when 
washed by a salt solution. The 
patentee claimed an arrangement and 
a process for preventing "locking" of 
the zeolites, which interfered with 
their efficient action. The invention 
relied on the removal of a close-fitting 
cover and the placing of a screen some 
distance above the layer. 

The patentee failed to mention this 
feature in the specification or claims. 
The patent was found invalid, and 
the court held there was no invention 
in placing the means for removing 
the salt solution at the lowest point, 
as it did not require the exercise of 
the inventive faculty to place at the 
bottom of a receptacle the only out- 
let through which it could be drained. 

It is mot necessary, however, that 
the practical disclosures be carried so 
far that the patent is merely a bill 
of materials or a list of operating 
instructions for commercial practice. 


The law encourages sufficient delay 
on the part of the inventor, before 
he makes his disclosure, for him tofi 
determine that his invention is work. E 
able. However, an inventor must not 
abandon his idea, but must complete 
it and disclose it promptly. If he} 
drops it and another person completes 
it and makes it known to the public, 
then the second person is the inven. 
tor. Invention is based on successful 
accomplishment. Mere experimental 
work is not recognized as invention. 

The standard of success can be low: 
the invention need not have achieved] 
complete commercial form. It need 
not be in such shape that it can be 
sold to the public. The invention fi 
must merely be sufficiently operable 
so that any one skilled in the art, by 
applying knowledge and engineering 
talent in that art to the proposal of 
the inventor, could make it practicable 

The latter step is not necessary on 
the part of the inventor. Most im- 
portant inventions have been crude 
in their initial stages, but their dis 
closures have been sufficient to teach 
the principles involved and to show 
the way to full utilization of the in- 
vention. That is all the law requires 

It is not important that the inven- 
tor specify all the uses to which his 
invention can be put. To mention 
one legitimate use is sufficient. It 
would be impossible for the inventor 
to predict the wide range of uses to 
which his invention might be applied 
over a period of seventeen years. 


Patent Procedure 


THE INVENTOR usually passes through 
the first stage of speculation, investi- 
gation and finally conception. This 
takes place first in his mind and then 
in drawings and sketches. Then fol- 
lows reduction of the development to 
a working model, to enable tests of 
the workability of the idea to be 
made. 

As far as the patent law is con- 
cerned, an inventive idea can be 
merely on paper; if it is clear, work- 
able, and new, a valid patent can be 
obtained. For commercial reasons, 
however, it is desirable that some 
development work be done. |t is 
usually safer for the average inventor 
to do this work before securing a 
patent rather than do it later in haste. 

The patent application consists of 
a petition; specification ; oath ; a draw- 
ing if necessary; claims; filing fee; 
and usually a power of attorney to 
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the lawyer, which authorizes him 
act before the Patent Office on behali 
of the inventor. 

The first step in obtaining a patent 
is to furnish a patent lawyer with à 
description of the invention, together 
with drawings, photographs or ? 
model. An inventor can file ane 
prosecute his own application, but he 
will not find it easy to do this in view 
of complex Patent Office practice 
The attorney should be qualified to 
practice before the United States Pat 
ent Office, and must be on the roste! 
of such attorneys, in good standing 
A patent attorney should be skilled 
not only in law, but also in the ats 
and sciences, preferably in engineer: 
ing. He should have had practica 
experience in patent litigation in the 
United States courts. 

The attorney will search the Patent 
Office records in Washington id. thé 
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jterature Of the particular art, to see 
whether the idea is new. If he finds 
| new, he prepares a description of 
he invention stating its objectives, 
s accomplishments and how it works. 
He refers to numbers on the parts in 
that accompany the 
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The scope of every patent is limited 
y the invention described in the 
ims, and in accordance with the 
ecification. According to the courts: 
The specification and claims of a 
satent constitute a contract between 
‘he United States and the patentee and 
hey should be read and construed 
wether, not for the purpose of limit- 
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Many war and civilian developments 
are being kept out of use because of 
enormously increased work-load im- 
posed on the Patent Office. There are 
150,000 cases awaiting action, and the 
examination of applications is two 
years behind. Applications now are 
being received at an annual rate of 
70,000, nearly double the 1943 rate. 

l'hese factors are responsible: 

l. Overcrowded facilities. At present 
40 percent more personnel occupy 20 
percent less space than before the war. 
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ing, contracting, or expanding the 
claims, but for the purpose of ascer- 
taining from the entire agreement the 
actual intent of the parties." How- 
ever, the claims, not the specifications 
afford "the measure of the grant to 
the patentee.” 

The specification concludes with a 
series of numbered paragraphs, called 
'claims". Each of these claims covers 
the particular property of the inven- 
tion which the inventor hopes to 
monopolize. Some of the claims are 
broad and are usually brief. Others 
are somewhat narrower and more de- 
tailed, and some include practically 
all of the separate elements. 

In making up his claims, the in- 
ventor should keep in mind that there 
are several classes of patents: Mechan 


CHART No.l 





ical patents for manufactured prod- 
ucts and machines—these include elec- 
trical, aerodynamic, and hydraulic 
constructions; chemical patents for ma- 
terials and chemical processes; and 
design patents, which cover form and 
appearance, usually emphasizing ar- 
tistic features not essential to mechan- 
ical operation of the device. 
Patents can be classified in another 
way: Some deal with the apparatus 
itself, and others cover the method of 
operation of the apparatus. An ap- 
paratus patent, for example, can have 
claims that call for the combination 
of a wheel, an axle, a body, and a 
steering gear. In a method patent 
claims must not be tied down to any 
particular mechanism. The number of 
necessary claims is not limited. 


Courtesy Journal of the Patent Office Society 
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WHY THE PATENT OFFICE IS TWO YEARS BEHIND 


2. Inexperienced examiners. Today, 
40 percent of examiners have less than 
two years’ service. 

3. Increasing volume of literature to 
be searched. Increasing numbers of 
technical publications, books and pat- 
ents lengthen time of search. 

4. Increasing complexity of cases. 
New complex discoveries make simple 
examination impossible. 

5. Contraction of examining corps. 
Examiners experienced in special fields, 
lost through war or other reasons, 




















caused examiners to work in unfamil- 
iar fields—slowing operations. 

6. High proportion of new cases in 
work load. Initial actions require more 
time than final actions. 

7. Rising importance of validity. If 
careful job is not done, patents held 
invalid by courts will cause lack of 
confidence in patent system. 

8. For an effective patent, greater 
detail is demanded by the Patent Office 
than formerly. This adds to the decline 
in patents issued, but not necessarily to 
the backlog, since in certain fields so 
much work is entailed, that many can- 
not afford to apply. 
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SAMPLE DRAWING SHEET 


The drawings accompanying a 
patent and its claims are illuminating 
when the question of prior art and 
intended coverage is at issue. Draw 
can be referred to for illustra- 
tion and can be used to interpret the 
specification or claim. Drawings can 
not fill the absence of a written de 
scription; however, they serve to add 
clearness and certainty to what is 
actually described. 

The description of an invention as 
contained in the claims, interpreted 
in the light of the specifications, is 
neither restricted nor extended by the 
drawings. An evident mistake in a 
figure in the drawings will not render 
a patent invalid. 

When the application is filed in the 
Patent Office it is accompanied by a 
government fee of thirty dollars, with 
an additional fee of one dollar for 
each additional claim over twenty. 
he application is then assigned to the 
particular part of the Patent Office 
which examines that 
tions 

After the application is filed and 


Ings 


class of inven- 
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SCALE OF DRAWINGS 


Drawings that accompany a patent application should be made in a definite size and 


style. A better drawing does not guarantee a valid patent; however, anything that 


can be done to point out salient features of the invention to the examiner will save 


examined by the examining division, 
the Patent Office replies to the attor- 
ney, allowing or rejecting the claims 
and indicating any objections to the 
drawings, or the subject matter of the 
specification and its wording. Usually 
the Patent Office refers to anticipating 
patents and publications, which must 
be ordered, studied, and discussed in 
detail when replying to the Patent 
Othce. The inventor or his attorney 
has six months to reply to this action. 
Failure to reply to the Patent Office, 
or an incomplete response within six 
months after the Patent Office replies 
to the inventor or his attorney, causes 
abandonment of the patent. Under 
certain conditions, it can be restored. 

At this stage the applicant, or his 
attorney can amend the claims, so 
they will not conflict with the prior 
art; or he can cancel them; or his an- 
swer can be a combination of claim 
cancellation, amendment and argu- 
ment. This correspondence termi- 
nates in a final allowance or final 


rejection of the application 

Upon final allowance, the final fi 
of 30 dollars is paid and the pate! 
is made ready for issuance. When 
is issued, a summary of it is publishe 
in the Official Gazette of the Pate: 
Office. 


The Patent Office operates unde 
Rules of Practice" drafted by the 
Commissioner of Patents and approve 
by the Secretary of Commerce. Amon: 
the most important of the rules am 
those defining the nature of a paten 
application: Rules 26, 30, 31, 33, 4 
í6, 49, 77, 171, 172 and 17 
are available in the Patent. Offic 
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an easy Matter, in view ol mpi 
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nd Fume, and avoid possible litigation later. Drawings also help determine intended 
that J coverage. Information as to size, lettering, shading, dimensions, standard symbols 
save fand other patent drawing practice can be obtained from the U. S. Patent Office. 
al te " 
“the File Wrapper 
hen 
lishe 
Pater 
‘HE FILE WRAPPER HISTORY of a pat- order a copy of it. The accompany- 
application is the complete file ing illustration shows a typical Patent 
arting with the original papers as Office action, a reply, and the correc 
"led in the Patent Office, and con- tions made on the original specifica 
und Enung until the application is finally tion and claim as the result of these 
y WẸlowed or rejected. These papers written negotiations. 
OV Ere preserved in the Patent Office for The contents of a file wrapper 
‘mon-wenty years, Changes made in the cannot be used to test a patent. Its 
s s“pPrginal application are indicated by only uses are: (1) to interpret the 
pate pen corrections on the first of the language of a patent, when that lan- 
>, MPriginal papers. These corrections are guage might have two different, but 
opimmade the Patent Office, under the legitimate meanings; and (2) to pre- 
uthority of each reply from the vent a patentee from applying to the 
» oW Bpplicant or his attorney. claim a meaning inconsistent with its 
d a If t application becomes aban- history. 
mp'*"Poned finally rejected, the papers The file wrapper is just as much a 
torre mam secret unless opened under matter of public record as the patent, 
n "Pedal conditions. If, however, the and is as much of a notice and warn- 
pr Patent is allowed, the file wrapper his- ing to the public as if it were con- 
C ty becomes public, and any one may tained in the patent itself. 
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LINE AND SURFACE SHADING 


The file wrapper cannot be used 
by the patentee to interpret his specifi- 
cation and claims. Interpretation must 
come from the claim itself. 

However, sometimes the file w rap 
per is involved in a procedure called 
“estoppel”. In this process, a patentee, 
to avoid rejection of his application, 
inserts limitations in his claims. Later 
he is prevented from contending that 
the issued patent should be construed 


as if such limitations had not been 
made. While it involves looking at 


preliminary negotiations in the inter 
pretation of the patent intended to 
be the final statement of the patentee's 


intention, the practice is well settled 
for the reason that the docrine of 
estoppel holds "the utterer to the 


truth of his speech.” Usually this 
procedure is known as "file wrapper 
estoppel", because it involves examina 
tion. of cancelled claims in the file 
wrapper. This is the only time when 
Patent Office proceedings affect the 
specifications of the final patent. 

When a patent is alleged to be in- 
fringed in court, invalid claims can 
not be "settled" with estoppel pro- 
cedure, 
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It does not matter that a patentee 
is mistaken in stating the theory of 


he was not aware, at the time of filing 
but the patent must disclose them. As 


the Patent Office, agree to the changes. 
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Amendments in the description or 
drawing of a patent application do 
not invalidate the patent, if they 
merely amplify and explain what is 
already reasonably indicated to be 
within the invention. This rule ap- 
plies with special force where the in- 
sertion is required by the Patent 
Office. 

A patentee who acquiesces in the 
rejection of his claim and abandons 
it, based on references cited by the 
Patent Office, and accepts a patent on 
an amended claim, cannot maintain 
that the amended claim covers the 
combination shown in the references 
and that it is as broad as the aban- 
doned claim. A patentee who does 
not abandon, but insists on and sus- 
tains his first claim, can later claim 
all of the benefits of his original 
specifications, in the courts, if neces- 
sary. 

The insertion of new claims in a 
pending application is allowable, pro- 
vided that general description is in- 
cluded in the original specifications 
and drawings. 


When a patent has been obtained 
by fraud, by mistake or by accident, 
the United States can bring proceed- 
ings against the patentee to have the 
patent declared void. The suit of the 
government, if successful, puts an end 
to all suits which the patentee can 
bring against anybody. In effect, it 
puts the patent at the disposal of the 
world. 

In a suit for infringement of a 
patent, if the alleged infringer can 
prove that the patent was obtained 
through fraud, he will not be held 
liable for the infringement. Even 
if there is reasonable doubt as to the 
actions of the patentee, he will not 
be excused if he has not previously 
disclosed all information in his pos- 
session relative to the patent. 


When the patentee has by amend- 
ment cancelled or surrendered claims, 
the claims that are allowed cannot be 
worded to include the meaning of 
the abandoned claims. Also, a pat- 
€ntce cannot give to an allowed claim 
à scope which it might have had with- 
out the amendments. Although this 
rule is most frequently invoked when 
the cancelled claim is broader than 
that allowed, it applies also if the 


i wont 
cancelled or rejected claim is nar- 
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When a claimant has, under objec- 
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Building the full size apparatus is a critical phase in the patent process. Any deviation 
from the original drawings should be recorded, and the apparatus presented at the 


Patent Office. 


tion in the Patent Office, withdrawn 
certain claims, or has modified them 
by adding or striking out terms or 
phrases, and accepts a patent which 
does not grant the abandoned or un- 
modified claims, he cannot go to court 
for a "construction" of the allowed 
claims to cover what had been previ- 
ously rejected and abandoned. These 
cases usually depend on matters of 
construction—the meaning of the 
patent. As in other cases of ambigu- 
ity, the application and file wrapper, 
and possibly written communications 
can be consulted. When the claims 
are not uncertain or ambiguous, the 
courts are reluctant to permit their 
interpretation of a patent to be af- 
fected by alleged conversations be- 
tween Patent Office personnel and the 
claimant. 


An applicant cannot be barred from 
making claims on his disclosure be- 
cause of delay in prosecuting his ap- 
plication, if he has done all that is 






A full-scale model is also helpful in proving invention, in litigation. 


required of him by law and the rules 
of the Patent Office. However, if an 
applicant agrees to rejection of his 
application, or does not appeal, he 
cannot later revive his application 


An argument made before the 
Patent Office cannot control or re- 
strict the language of the claims finally 
allowed. However, as a patentee can- 
not claim anything that the Patent 


Office rejects, the argument before 
the Patent Office can confirm that 
interpretation. Arguments of an at- 


torney while the application is before 
the Patent Office have no effect on 
the scope of the claims. 


When the Patent Office finds a ref- 
erence or previous patents which it 
considers to "anticipate" the inven- 
tion, and the patent is later granted, 
such a patent is considered to be even 
stronger than an "uncontested" patent. 
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Application given 
serial No. €. filing date 


3 Application recorded 


20 Interference search 


| Preliminary examination 
of drawings 


E Review by 
principal examiner 


9 Assigned to 
assistant examiner 


PATENT OFFICE PROCEDURE 


6 Question as to division 
classification 


7 Transferred to 
another division 


8 Classification 


IO Recording closs 
and sub-class 


l6 Review by 
boord of appeals 


2| Notice of allowance 







* t 
I7 Appeolto C.CPA. IB Appeal to SC. of Dof C 


jj Recording in 
application register 


12 Examination by 
assistant examiner 


Issue and Acknowledgement 
22 Gazette division 25 of fee 
19 .. Appeal to T 13 First action 
26 Drawings U.S.C.A.D. of C to applicant 
lithographed 
23 Final fee paid 
27 Checking 
assignment i4 Amendment 
- by applicant 
f 
24 ssigment o 


31 Patent grant issued 


The courts give the opinion that: 

The presumption of priority and 
novelty which arises from the grant- 
ing of a patent must have greatly 
increased weight when the claim of 
the inventor is subjected to such close 
and careful scrutiny under the stimulus 
of a heated contest.” 


The Official Patent Office Gazette 
reports weekly the status of applica- 
tions being prosecuted in each divi- 
When the application is filed 
in the Patent Office, a filing receipt 
is issued indicating the division into 
which the application has been put 
for the purpose of examination. By 
referring to the weekly Patent Office 
list of work-load, a fairly accurate 
appraisal can be made of when the 
Patent Office action will be due. It 


sion 


it does not arrive on time, a letter 
should be sent to the Patent Office 
asking for a status report—it is the 


applicant's responsibility to get this 
from the Patent Office. 

If the Patent Office mails the copy 
of the patent office action to the ap- 
plicant and it fails to arrive, or even 
if the Patent Office clerks make a mis- 
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potent No. and dote 












28 Printing 

29 Binding 

30 Preporation of 
patent grant 


take and file the applicant's copy of 
the action in the official files, any 
default is charged against the appli- 
cant and he loses his application. This 
is an unjust rule, and an applicant 
should have his attorney check the pat- 
ent status at frequent intervals. 

The Patent Office examiner, after 
studying the patent application, seeks 
similar prior patents and publication. 
He writes the "action", rejecting 
claims which he believes are met by 
these patents and publications and 
points out why they are anticipated. 

Sometimes, the chief draftsman of 
the Patent Office objects to the draw- 
ings. Written requirements are made 
for drawing corrections, which may 
be satisfied either by having the chief 
draftsman make the changes at the 
expense of the applicant, or new 
drawings are furnished by the appli- 
cant. The Patent Office examiner 
can also object to the form and con- 
tent of the specification. He may 
object to the accuracy of the descrip- 
tion or errors in numerals on the 
drawings and in the specifications. He 
can also find that the description indi- 
cates the invention is inoperative. 

The primary object of the Patent 
Office is to prevent the allowance of 
claims whose terms attempt to monop- 


* Court of Customs and Potent Appeals 
t Supreme Court of District of Columbia 


* United States Court of Appeals, 
District of Columbia 


olize that which is already old and 
public property, as shown by prior 
patents and publications. 

The Patent Office can also indicate 
allowable claims, and can change its 
decision by withdrawing the allowance 
of such claims, at any time up to issu 
ance of the patent. 


The skill of the attorney is used 
to its fullest extent in the reply to the 
Patent Office. He must distinguish 
the prior patent and publications from 
the claims, or modify the claims to 
avoid infringing on the prior art; and 
argue why the changed claims are not 
met by the patent or publications. 

The effort of the attorney is to get 
broad claims, while the effort of the 
Patent Office examiner is to prevent 
claims from being allowed at all, or 
if allowed, to keep them as narrow 
as possible. 

Frequently, the question of opera- 
tiveness, either of the invention cov- 
ered by the application, or of prior 
art quoted by the examiner, arises In 
such cases, affidavits and exhibits can 
be submitted to the Patent Office, or 
demonstrations made before the ex 
aminer and confirmed in writing, as 
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a part of the reply to the Patent Office. 
The inventor and his attorney can 
interview the examiner and verbally 
explain to him their position, con- 
firming these statements in writing 
in the ultimate reply to the Patent 
Othce. Such interviews prevent mis- 
understandings, and clarify the posi- 
tions of the applicant and the Patent 
Othce. But all of this must be con- 
firmed in writing. 


Frequently the Patent Office finds 
that there are two or more inventions 
disclosed and claimed. This may re- 
quire the separation of such inven 
tions into different applications. The 
applicant's attorney can ask that it be 


reviewed by the classifying examıner, 
whose decision is final, until appeal 
is taken. When divisional applica- 
tions are filed, they have the benefit 
of the filing date of the original 
application. 


Under present Patent Office prac- 
tice, a single application can be con- 
sidered by two or more divisions each 
of which will write a letter to the 
applicant, sending the letters of the 
several divisions together, so that the 
applicant can make a complete re- 
sponse. This prevents shifting of 
responsibility from division to divi- 
sion, and reduces the hazard of an 
invalid patent being issued. 


Test of Invention 


even when found 
may be placed "in inter 
ference" with. other applic ations. It 
is particularly important that manu 
«turers and inventors understand 
what such a procedure means. The 
interference procedure is à contest 
heard in the Patent Office to see who 
was first to make the invention. It 
then can be appealed to the courts. 

Ihe first to think of the invention, 
reduce it to some practical form and 
show it is practical, is 
awarded the patent. Reduction to 
practice—the manner in which it is 
to function in use actual test 
of the invention. 

If a person is the first to think 
in invention, but the last to reduce 
it to practical form, then the question 


An app lication, 
allowable, 


test it to 


is the 


is whether he was active and diligent 
in looking after his rights in a rea 


sonable fashion, from the time his 
opponent came into the field. until 
his own reduction to practice. If it 
Is found that the inventor was neglect 
lul and. "slept" on his rights or that 
he practiced concealment and secrecy 
during this period, he can lose his 


tights even though he was first to 
think of the invention. 
The purpose of this law is to en 


courage disclosure and filing of patent 
applications, that the public may have 
the henefit of them. Hence, one who 
concals brings upon himself the 
susp: ion that his experiments were 
abandoned, or that he did not have 
the invention at all. There are many 
oth related and complicated rules, 
Dut this is the essential one. 
Reduction to practice or practical 
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experiment can take the form of mak- 
ing the apparatus, testing it and show- 
ing that it is or putting 
the invention in the form of a patent 
application and filing the application 
in the Patent Office. The latter is 
known as a “constructive” reduction 
to practice, and is the best evidence 
of good intent, in court action. 

After a patent is issued, it fre- 
quently happens that, through some 
misunderstanding, it is necessary to 
have the patent reissued a revised 
form to correct errors. This can be 
done any time within one year of the 
date of the issuance of the patent. 
The original drawings and disclosures 
must not be m aterially changed; only 
errors can " corrected, to make the 
document a perfect disclosure of the 
inventor's idea. 

If, at any time the inventor dis- 
covers that he has mistakenly claimed 
portions of an invention to which he 
is not entitled, he can file a ‘‘dis- 
claimer” on that portion of his pat- 
ent, thus saving the rest of his patent, 
and preventing the whole patent from 
being defeated for lack of prior in- 
ventorship. The United States statute 
on disclaimers includes the following 
statement: 

Such disclaimer shall be in 
writing, attested by one or more wit- 
nesses, and recorded in the Patent 
Office; and it shall thereafter be con- 
sidered as part of the original specifi- 
cation to the extent of the interest 
possessed by the claimant and by those 
claiming under him after the record 
thereof. But no such disclaimer shall 
affect any action pending at the time 


successful: 


INFRINGEMENT LITIGATION 


Opinion regarding infringement 


Notice of infringement 


Suit filed in District Court 


District Court trial and decision 


Appeal to United States Circuit 
Court of Appeals 


Decision of United States Circuit 
Court of Appeals 


Review by the Supreme Court of 
The United States on writ or 
certification 





of its being filed, except so far as 
may relate to the question of unreason 
able neglect or delay in filing 1t." 


When the patent is issued, others, 
seeing the value of the invention, 
sometimes take the invention. This 


is patent infringement. 

The patentee can bring suit for 
infringement against the offender in 
the United States courts. The ques- 
tions before the court are: (1) 
Whether the defendant has taken the 
property of the plaintiff patentee, and 
(2) whether the patent of the plaintiff 
patentee is valid. Validity of the 
patent can be rebutted by the defend- 
ant introducing prior patents that were 
not discovered by the Patent Office. 
Even prior patents discovered in the 
Patent Office and whose full effect 
were not realized by Patent Office offi- 
cials, may be used to defeat the patent. 
In this respect the court has a sort of 
reviewing power over the Patent 
Office. Prior publications can also 
be used to defeat the patent. 

If the invention has been publicly 
made, used, or sold in the United 
States two years before the patent 
application was filed, or before the 
actual date of invention by the pat. 
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Exhibit A 


Note: Similar inter-electrode spacings according to appellants invention 


entee, then proof of such facts beyond 
reasonable doubt will cause the court 
to find that the patent is invalid. The 
court may find that part of the patent 
is valid and part invalid; and some 
of the claims may be infringed and 
some may not be infringed. Each 
claim stands on its own special merits 
and is separately treated. 
Prior use of the invention in Eu- 
ropean countries does not defeat the 
patent. To defeat a patent, a foreign 
development must be in a publication 
orina patent. 
To avoid infringement the manu- 
facturer should ask these questions, 
before capital is invested: 
Does this product, process, or de- 
come within the boundaries of 
any patent we do not own? Will the 
machinery that we use infringe any 
patent? What steps shall we take to 
find this out?" 

Infringement by intention can be 
avoided with a reasonable degree of 
certainty and ease. These are the 
steps that should be taken: 


sign 


ALL UNEXPIRED UNITED STATES PAT- 
ENTS IN THAT PARTICULAR FIELD 
SHOULD BE COMPARED WITH THE PRO- 
POSED CONSTRUCTION OR PROCESS. 

Earlier patents have broader claims, 
while subsequent developments, even 
though very important, can only be 
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improvements on the original idea. 

The original Wright patent on fly- 
ing machines, for example, covered 
the invention of maintaining equilat- 
eral equilibrium of an airplane. That 
is, the patent covered any means of 
preventing the plane from turning 
over sideways, or tipping down on 
one side and going up on the other. 
It also covered the invention of steer- 
ing the airplane in combination with 
this feature. The Wright patent shows 
plane surfaces which are warped at 
the corners or twisted in order to 
carry out this invention. Curtiss in- 
troduced ailerons—distinct, independ- 
ent surfaces that were hinged to the 
main surface like shutters or doors. 

The courts found that, regardless of 
the invention of ailerons, Curtiss was 
subject to the prior broad patent of 
the Wrights, covering any means of 
maintaining lateral equilibrium of air- 
planes. 


EVEN WHEN INFRINGEMENT IS FOUND, 
WAYS CAN FREQUENTLY BE DEVISED TO 
REDESIGN THE STRUCTURE OR PROCESS. 

A study of the prior patent art 
should reveal three important things: 

1. What is old and open to use as 
shown by expired patents? 

2, What is new and covered by un- 
expired patents? 

3. What developments or means of 


development have never been culti 
vated-—what new fields are open for 
development in order that they can 
be monopolized ? 


Many costly law suits have resulted 
because a designer did not know the 
legal distinction between an aggrega- 
tion of elements or parts, which 1s 
not invention, and a combination, 
which is invention if it accomplishes 
something new and useful. 

The Patent Office properly refuses 
a patent on a design that is merely 
an aggregation of parts. But the 
Patent Office sometimes mistakenly 1s- 
sues a patent on something "unpat 
entable". Later, the owner of the 
patent sues another for infringement, 
only to find that his "invention" is 
not valid and that his patent is void. 

A patent was issued to cover à 
"combination" of elements for the 
automatic operation of a stoker. It 
included a stoker, a thermostat to con 
trol the stoker and a timing device to 
start the stoker, so that the fire would 
not go out for lack of fuel. Later, 
a competitor put on the market a 
similar group of devices to accomplish 
the same purpose. The patent owner 
sued on the grounds of infringement 
He lost, the court holding that his 
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graphs as proof of invention cannot be overempha- 
Sustained in litigation carried to the U. S. Su- 
preme Court, this patent for a machine to make barbed 
wire, made J. W. Gates' American Steel and Wire Com- 


sized. 


pany an important factor in consolidation of steel com- 
panies which today constitute the U. S. Steel Corpora- 
tion. Diagram and photographs of the machine and 
its operation, shown here, were vital parts of the evi- 


dence that led to granting of the patent. 


invalid. "The union,” 
said the court, “is a mere aggregation 
unless the elements, by their united 


patent was 


action, perform some function they 


do not separately discharge." The 
courts, perhaps unjustly, look upon 


aggregations as involving no creative 


intellectual achievement. 

Typical of "mere" aggregations is 
à grease service tank, the patent on 
which was voided by the court. It 
included a series of pump or grease 
gun supports; a corresponding series 
of pumps and grease guns; a series 


of indexes on the rack close to the 


supports, each mentioning a particu- 
lar part of the automobile that needed 
specialized lubrication; a series of 
identification marks on the pumps; 
and a corresponding series of identifi 
cation marks on the racks near the 
supports for identifying each pump 
with its support. 

The court said about this: "There 
is no co-action between the support 
and the pumps, or between the pumps 
and the legend on the rack. It is the 
same as a carpenter's cabinet for augur 
bits, a druggist’s cabinet or a hotel 
keeper's rack for room keys . . . the 
old elements are brought together, 
not in the cooperative union of a true 
combination, but in the forced 
tionship of a mere aggregation. 
Inventors frequently have the er- 


rela- 
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Importance of good diagrams and adequate photo- 
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Exhibit D 


roneous notion that simplicity or com 
plexity is the test of aggregation or 
combination. One designer, for in 
stance, worked out an apparatus for 
mixing and transporting concrete. It 
consisted of an upright chamber, in 
the top of which was an Opening for 
introducing the material, equipped 
with a door to close the opening air- 
tight; a hopper-shaped bottom to the 
chamber, discharging into a delivery 
duct; a pipe through which com- 
pressed air entered the chamber above 
the mass of concrete to propel it into 
the duct; and another pipe delivering 
compressed air at or near the dis- 
charge or lower end of the hopper ; 
and many other elements. However, 
it was not patentable because it was 
an aggregation of known devices, 
each acting in its regular way. 

Producing an item that merely offers 
convenience and economy does not 
constitute invention. One often cited 
court ruling involved a washing ma- 
chine and wringer geared together to 
permit simultaneous washing of one 
batch of laundry while the preceding 
batch is wrung out. The court ruled 
that no new function evolved from 
this combination. 

A true combination can be ex 
tremely simple. The difference be- 
tween aggregation and combination is 
illustrated in the grease-gun rack al- 
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ready described, which was an aggre- 
gation, and the metal filing cabinet 
invented by Rand, which was shown 
to be a true combination. 

Merely because the elements are old 
is no bar to the patentability of a 
combination—provided that acting to- 
gether they accomplish a new result 
that is more than the sum of their 
ordinary results. This is shown in a 
high-speed water turbine with adjust- 
able runner blades to cooperate with 
the adjustable guide vanes. The 
fundamental object of the combina- 
tion was to regulate the capacity of 
the turbine in accordance with the 
amount of power it is called upon to 
deliver, enabling the turbine to work 
at less than its maximum power with 
the use of a proportionate amount of 
water. Regulating devices used prior 
to this invention had the disadvantage 
of greatly reducing the efficiency of 
the unit when operating at less than 
full capacity. 

Examples of unpatentable aggrega- 
tions are a paste jar having one com- 
partment for water and one for paste; 
a machine bringing together means 
for grouping, feeding, opening, mois- 
tening and sealing envelopes; two ma- 
chines on a single bed-plate for 
performing succeeding operations on 
a product; and several tools on the 
turret of a turret lathe 
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his experimental department, needing 
the parts for another development, 
tore down the original truck. 

Several years later, after filing a 
patent application, a Patent Office in- 
terference arose. There were no dated 
records, no drawings, no photographs, 
no purchase records of material that 
went into this particular truck—noth- 
ing that was definite except the testi- 
mony of witnesses, and that was 
verbal. Although the first to invent 
and the first to reduce to practice, he 
failed to make convincing proof to 
the Patent Office, and lost a very im- 
portant invention. Thus, a million- 
dollar business was lost because man- 
agement did not spend a few dollars 
on preserving records of the test. 
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The best type of proof of an inven- 
tion is to actually make the apparatus ; 
or run tests showing what the inven- 
tive process is; or produce the product. 
When this is done, the tests should 
be witnessed by responsible people 
later 


who can testify as witnesses. 


Record forms such as these should be kept and used in every department of a 


Photographs should be taken with 
these persons included in the pictures, 
and the negatives should be dated the 


day they are taken. 
should be signed by the inventor and 
the witnesses. This makes a perma- 
nent record, and prints can be used 
as a basis of making disclosures within 
the organization and to outsiders. The 
records of the tests themselves should 
be carefully kept and dated and signed 
by those present, including the in 
ventor. 

The records covering the making 
of the test apparatus should also be 
kept apart from the general commer- 
cial records of the corporation, since 
it is the custom of many corporations 
to destroy records of this type after 
several years. All records concerning 
the invention, including the photo 
graphs, should carry the same serial 
number, which should be carried in 
a numbered record of inventions. 


These negatives 


Many patent cases have been lost 
because of inadequate proof of the 
date of invention. This often 
caused by misunderstanding of the 
patent law covering the case. Inven 
tors may think they have "taken steps 
to prove the date of their invention 
but they are often wrong. 

One form of proof of date of in 
vention, other than filing an applica 
tion, is some written form of disclo 
sure of the  invention— drawings, 
dated photographs, and written and 
dated descriptions, signed by the in 
ventor and several witnesses before a 
notary. This proof should then be 
mailed to an outsider who can be 
depended on to testify that he re 
ceived the disclosure in the ordinary 
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A serious mistake made by many 


organizations is to have all the proof 


of the making of an invention and 
its disclosure limited to persons within 
the organization, witnessed only by 
employees and executives of the or- 
ganization. In a patent office inter- 
ference case, or in a question of prior 
use before a court, the other side can 
claim that the material has been spe- 
cially fabricated for the occasion. 

One of the effective ways to handle 
this is to provide regular disclosure 
booklets in which all inventive ideas 
of the research, engineering and devel- 
opment departments are recorded. 
These booklets are regularly mailed 
out from the organization with a 
statement of the nature of the inven- 
tion, and whether or not it is to be 
protected by a patent application. 

This proof should include draw- 
ings and sketches, dated and signed 
by the inventor and witnesses. The 
signatures should be in ink and, if 
possible, the drawings should be in 
ink. Either regular disclosure book- 
lets, or a bound disclosure record book 
should be maintained for this pur- 
pose. Such disclosure records should 
be readily available in every labora- 
tory, on each drafting table and in 
each experimental shop. 


The fundamental purpose of all 
records of invention is to provide an 
unquestionable statement of exactly 
what occurred: Hence, any additional 
details are always welcome to make 
dear the record of the events. 

Sound proof of this character will 
prevent litigation, and if litigation 
does become necessary, it makes suc- 
cess as certain as humanly possible. 
The accompanying illustrations show 
suggested patent record forms 


ence between a valid and invalid patent. 
dated and signed, should be attached. 
litigation record 


can also be used. 
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The penalty for not making an 
adequate disclosure, corroborated by 
the testimony of someone outside of 
the inventors own Organization, 1s 
shown in the case of Bainbridge v. 
Walton. The Court of Customs and 
Patent Appeals affirmed the Board 
of Appeals of the Patent Office in 
awarding priority of invention to Wal- 
ton on his invention relating to photo- 
electric tubes, because Bainbridge's 
evidence of record was insufficient to 
establish his reduction to practice 
earlier than Walton’s. 

Bainbridge introduced a 17-page ex- 
hibit consisting of data alleged to be 
based on tests conducted by him in 
September, 1928. There were no wit- 
nesses to the tests, although the im- 
mediate superior of Bainbridge testi- 
fied that he knew in a general way 
of the work being done by Bainbridge, 
but had no recollection of having 
seen these data at the time. 

Seven years later Bainbridge had 
his photoelectric tube tested in the 
presence of a physicist of the General 
Electric Company under conditions as 
close as possible to those existing when 
he made his 1928 tests, and sought by 
this method to prove what took place. 

The court decided that: "The ques- 
tion presented, therefore, is whether 
the evidence of the tests made in July 
1935 of (the) tube . by appellant 
and the witness Koller may be con- 
sidered as corroborative of appellant's 
testimony that he actually tested the 
tube in September 1938 and obtained 
from such tests the data disclosed. 

"Without intending to be under- 
stood as expressing any opinion as to 
whether such evidence could under any 
circumstances be considered corrobora- 
tive in character, it is clear that it can- 
not be so considered here." 
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Many designers are under the im- 
pression that to substitute one material 
for another will entitle them to a 
patent. Usually, it will not; although 
under certain rare conditions a change 
of materials has been held to be pat- 
entable. 

The field for achieving patentabil- 
ity, or avoiding infringement, by sub- 
stituting one material for another is 
so narrow that most cases involving 
this question have been decided in the 
negative. The substitution of mate- 
rials can constitute invention when: 


1. It creates a new result not usually 
associated with the material. 

2. It involves a new type of con- 
struction. 

3. It enables new uses to be made 
of the device. 

i. It makes an existing device suc- 
cessful for the first time. 

In an electric make-and-break con- 
tact, tungsten was substituted for irid- 
ium platinum. It was regarded by the 
trade as cheaper and far superior to 
the old contact. The court held that 
it took more than uninventive substi- 
tution to make this change and that 
the invention was therefore patentable. 

It was decided by another court that 
to substitute in a heating device a 
radiator of copper for one of cast iron 
or other heavy metal was not patent- 
able, even though the copper radiator 
was more efficient. It was well known 
that copper is an efficient heat trans- 
mitter, and since there was no change 
in the function or effectiveness of the 
combination, there was no invention. 

However, the court held valid a 
patent for a water cooler using a coil 
made of a resilient metal instead of 
a non-resilient lead or tin pipe. The 
problem had been to find a coil mate- 
rial which would not be damaged by 
falling pieces of ice. The substituted 
material performs a new function and 
its adaptability for the purpose was 
not evident, as shown by the fact that 
familiar with the art had been 
years to find a way 
to protect the coils. 

The substitution of metal parts for 
wood has many times been decided as 
unpatentable. It is held to be merely 
the use of reasonably good judgment 
a more rigid or durable 


those 
striving for 50 


to substitute 
material. 
An important basic patent 
covering the substitution of tungsten 
as an electric light filament. The new 
material so greatly reduced the cur- 


was that 


rent consumption per candle power, 
as to practically revolutionize the elec- 
tric light 
obvious substitution. 


industry. It was not an 
In fact the lamp 
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"As a member of tbe patent board for several years, while tbe law 








authorized a board to grant or refuse patents, I saw with what slow 
progress a system of general rules could be matured. Some, how- 
ever, were established by that board. One of these was, that a 
machine of which we were possessed might be applied by every man 
to any use of which it is susceptible, and that this right ought not to 
be taken from him and given to a monopolist, because the first per- 
haps had occasion so to apply it. Thus a screw for crushing plaster 


might be employed for crushing corncobs. And a chain-pump for 
raising water might be used for raising wheat; this being merely a 


change of material should not give title to a patent. As the making 


a plougbsbare of cast rather than of wrought iron; a comb of iron 


instead of born or of ivory, or the connecting of buckets by a band 


of leather rather than of hemp or iron. A third was that a mere 


change of form should give no right to a patent, as a high-quartered 


shoe instead of a low one; a round hat instead of a three-square; 


or a square bucket instead of a round one. But for this rule, all the 


changes of fashion in dress would have been under the tax of 


patentees.” 


manufacturers had been searching for 
years for better filament materials. 

It was invention to substitute a 
known metal alloy in stated propor- 
tions for ineffective materials formerly 
used as resistance elements. The sub- 
stitute material made commercially 
practicable the manufacture of a large 
line of electrical devices. 

If the use of a substitute material 
results in a marked advance in the 
art it will usually be held to be a pat- 


entable invention. Thus Claude, by 
substituting neon for the more com- 


mon gases such as nitrogen and carbon 
dioxide formerly used in the Moore 
tube, contributed greatly to commercial 
utilization of the light created in a 
gaseous discharge tube. 

However, a court held that in mak- 
ing non-discolorable safety glass there 
was no invention in substituting for 
a certain type of plastic strengthening 
layer another kind of plastic previous 
used, where the advantage of the sub- 
stitution is attributable to inherent 
physical properties. 

A patentee sought to establish his 


Part II of this article, 
patent assignments and 
specific types of patents, and inter- 


dealing with 
licenses, 


national patent problems, will be 


presented in the July 
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right to a patent for a self-lubricating 
drier used in paper making machinery 
in the drying and bleaching of paper. 
The Patent Office had held that sub- 
stituting a self-lubricating carbon or 
graphite packing ring for a steel or 
brass ring was not invention. But 
the court to which the case was - 
felt that the substitution resulted i 
more efficient action, in lower cost of 
paper machines so equipped ; and that 
explosions caused by excessive internal 
steam pressure in the old type of de- 
vice were prevented. The patent was 
upheld. 

One inventor substituted an alumi- 
num alloy arm for a cast iron arm in 
clicking machines used in manufactur- 
ing shoe uppers. The court held that 
a new and useful result was obtained 
by this substitution because there was 
an increase in efficiency and a decided 
saving in operation costs. 

The designer who is faced with the 
question of whether a substitution of 
materials will result in invention, Or 
avoid infringement, can give it à pre 
liminary test by using this statement 
of Mr. Justice Bradley of the Supreme 
Court of the United States: 

“The use of one material 
of another in constructing a known 
machine is in most cases so obviously 
a matter of mere mechanical judg 
ment and not of invention, that it can- 
not be called an invention unless some 
new and useful result, an increase 0! 
efficiency, or a decided saving in the 
operation is clearly attained." 


instead 
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3,000,000 Youngsters 
Need Our Help Now 


HE bumper wartime crop of babies, about 
5,000,000 larger than the population ex- 


perts expected, is reaching school age. 


At school these youngsters should fin: | a good 
education awaiting them. That is th ir most 


cherished American birthright. 


But unless something is done qui: ly, mil- 
lions of these children will be chea: “^. They 
will crowd into classrooms already ru: n dou- 
ble shifts. They will move in with child en who 
are now sitting two in a single seat. T] »y will 
read germ-loaded books mangled by a enera- 


tion of use by grimy hands. 


So the continuing crisis in American education is 
given a new twist by unexpected pressure on school 
plant and equipment. 

The U.S. birthrate has jumped by leaps and 
bounds. Instead of declining in the '40s, as the ex- 
perts expected it would, the rate climbed from 17.9 
per thousand in 1940 to 21.5 in 1943. It jumped to 
29.9 in 1947, an increase of 45 percent since 1940. 
Result-by 1956 elementary school attendance in the 
United States is expected to jump from 18,200,000 to 
more than 23,400,000, an increase of about 5,200,000, 
or more than one-fourth. 

The rush has already begun. It will pick up speed 
next fall. 

Now, while this pressure has been building up, 
our public schools and their equipment have been 


running down-first through inevitable wartime ne- 


glect, then because inflation and material and labor 
shortages made it difficult to catch up. 

If we are to give this bumper crop of youngsters 
the break they deserve — and reach the educational 
standards the nation needs — we must speedily do a 
major job of educational rehabilitation and expan- 
sion. 


H 


Some headway has been made in overcoming the 
teachers’ salary crisis. 

Teachers’ salaries are improving. Pay problems 
were driving good teachers away from their posts in 
droves not long ago. But in the year since the 57th 
editorial in this series emphasized that crisis, the 
average teacher’s annual salary has increased about 
$300—from $2250 to $2550. 

True, increases vary enormously from state to 
state and from town to town. In a few states the 
average increase has been $500; in some less than 
$100. But, for the nation as a whole, last year’s in- 
crease put teachers about even in the race with the 
cost of living. After taxes, their salaries have risen 
68%, and the cost of living 67%, since 1939. In terms 
of pay increases, however, they are not nearly as 
well off as are industrial workers, whose average 
weekly wages after taxes have risen 108% since 
1939. They are far behind farmers, whose net income 
is now four times what it was in 1939. And teachers 
had notoriously low salaries to start with. 

A great deal more needs to be done in raising 
salary standards to put our school system on a firm 
footing. There are still about 100,000 teachers, nearly 


12% of all public school teachers, who hold tem- 


porary or emergency credentials. They cannot meet 








prevailing standards, and not very severe standards 
at that, for persons holding their posts. 


The salary crisis, however, is easing. 


HI 


But now comes the new crisis in school buildings 
and equipment. 

We would have been hard put to get our schools 
back into shape after years of wartime neglect—even 
without a booming birthrate complicating the prob- 
lem. Right now, 85% of all public school buildings 
need major remodeling to remove health and safety 
hazards. 

And we aren’t building enough new schools to 
keep up with current needs, to say nothing of catch- 
ing up on those we were not able to build during the 
war years. School construction expenditures for 1948 
are estimated at $375 million — which is less than 
what was spent in 1939. With building costs twice 
as high as they were in 1939, that means we aren’t 


even holding our own—we are falling further behind. 


And now comes the rush of war babies. 





IV 


We must spend at least $11 billion on new schools 
and equipment in the next decade. 

Public and elementary schools must have $6.6 bil- 
lion. Equally important, another $4.4 billion must be 
invested in buildings and equipment in our private 
schools, colleges and universities if they are to meet 
the demands which will be made upon them. The 
private school and the privately endowed university 
are doing their full share and doing it well. The 
need for them is increasing. 

These figures cover only rockbottom needs for 
educational plant and equipment. But statistics are 
a very restricted recorder of this crisis. 

You can see it better, I’m sure, in schools not very 
far from your home. There are schools with leaking 
roofs and outdoor toilets in our greatest cities. There 
are schools where students still use histories and 


geographies copyrighted before 1920—books with no 
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mention of World War I, the depression of the 1930’s, 
the Russian Revolution or the rise of the dictators. 
There are countless schools where modern methods 
of visual education are completely unknown. 

All of these conditions promise to get worse — 


promptly —as that scheduled 5 million increase in 


the school population gets rolling. 


V 

The Metropolitan Life Insurance Company does 
not indulge in lurid prose. It says after painstaking 
study of the educational crisis that: 

“Unless definite measures are taken immediately 
... large ~umbers of American boys and girls will 
be deprived of an adequate education." 

Currently we are deeply concerned about our 
military defenses. We are taking, and I think right- 
ly, emergency measures to strengthen them. But we 
must regard our schools as a part of our national 
defense as vital as are our armed forces. This is 
particularly true in these times of fifth columns and 


ideological warfare. 





If we are wise, we will raise our sights. We will 
give the continuing crisis in education the same 
urgent attention being given the more obvious 
but no more real crisis in national defense. 


Go to the school house in your neighborhood and 
discover what needs to be done to provide for the 
rising tide of young Americans. Ask your school 
board and your school administrators and teachers 
how you can help them. 

That is good citizenship. 

That is patriotism. 


That is our duty to the oncoming generation. 





President, McGraw-Hill Publishing Company, Inc. 
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Slip Rings and Brushes 


for Constant Electrical Resistance 


Comparison of electrical contact resistance characteristics of 24 combinations of slip rings and 


brushes for transmitting low electric power such as required for resistance type strain gage. 


FRANCIS J. DUTEE 
FRANKLYN W. PHILLIPS 
RICHARD H. KEMP 


Aircraft Engine Research Laboratory, NACA 


PRACTICALLY UNCHANGING contact re- 
sistance Of slip ring and brushes for 
transmitting. small amounts of power 
of the order required by strain gages 
can be obtained by using the right 
combination of materials for the slip 
rings and brushes. Although the tests 
to be discussed were for developing 
the most suitable slip rings and brushes 
for dynamic strain measurements using 
resistance-wire gages, the results pro 
vide a basis for predicting performance 
of other combinations for similar 
conditions. 

The results of 24 combinations of 
materials for slip rings and brushes 
that were tested dry are shown in Table 
[. Test results of eight of the com- 
binations operating in oil, thus simu- 
lating conditions such as when meas- 
uring crankshaft stress, are shown in 
Table II. Five of the combinations 
proved suitable for dry conditions. 
But the only combination that oper- 
ated satisfactorily in oil was the shim- 
brass slip rings with Vickers hardness 
number of 150 and silver-graphite 
brushes with 175 psi brush pressure. 
All the dry combinations gave satis- 
factory wear, and the shim brass slip 
rings operated in oil from 5 to 10 
without excessive wear. Test 
onditions for Tables I were: Wheat 
sone bridge circuit; gage resistance 

ohms; gage 
ga 


hours 


1,000 ge strain sensitivity 
factor, 2.15; gage current 20-25 mil- 
alternating stress at gage, 
8,300 psi; slip ring speed, 2,370 rpm 
Conditions were the same for Table 
II except that a 500 ohm gage was 


IN 


xè 
uamperes ; 


When using resistance-wire strain to 


measure dynamic strains, some type of 
sliding contact such as slip rings and 

s usually connect the strain gages 
to indicating instruments. The 
Or rable research on sliding con- 
‘acts for transmitting power in motors 
nd generators is of little practical 
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Table I—Comparison of Slip Ring and Brush Materials Tested Dry 


Slip Ring 


Vickers 
Material Hardness No. 
Plate brass 11 
Plate brass 11 
Plate brass Iac 
Plate brass 116 
Plate brass 11é 
Plate brass, 161 


shotblasted 
Shim brass l 
Shim brass 139 
Shim brass l 
Shim brass ] 
Silver plated 


Silver plat d 


Silver plated 
silver plated 


Monel metal 124 
Monel metal 124 
Monel metal 124 
Inconel 181 
Inconel 181 
Inconel 181 
Stainless steel 185 
Stainless steel 185 


Stainless 


Carbon steel, 602 
hardened 


Brush Material 


Silver graphite* 
Copper graphite** 
Magnesium alloy 


\luminum 


Soft carbon 
Silver graphite* 


Copper graphite** 
Soft carbon 

Hard carbon 
Silver graphite* 
Silver graphite* 


<. 


Copper graphite 


Soft carbon 
Hard carbon 
Silver graphite* 
Copper graphite** 
Hard carbon 
Silver graphite* 
Copper graphite* 
Soft carbon 
Silver graphite* 
Copper graphite 


* 


kc 


Soft carbon 


Magnesium alloy 


Performance 
Good 
* 
Good 
Poor 


Poor 
Poor 


( 700d 


Good 
Good 
Good 
Good 
Poor 


Poor 


Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 


Poor 
Poor 


Poor 


Brush Pressure, 
psi 

IU require | 
125 required 
At 12, excessive wear of 
rings 
At 12, excessive wear i 
rings 
At 175, unstable 
operation 


80 require d 


c 


150 r€ juired 

175 required 

150 required 

95 required 

At 80, unstable and 
slight wear of rings 
At 40, slight wear of 
rings 

95 required 

95 required 

95 required 

125 required 

225 required 

100 required 

125 required 

200 required 

100 required 

At 100, unstable and 
slight wear of rings 

Up to 250, unstable 
operation 

\t 12, unstable opera- 
tion and excessive wear 





Table II—Slip Ring and Brush Materials Tested in Oil 


slip Ring 


Vic ke rs 


Material Hardness No 
Plat brass BL 
Shim brass 150 
Silver plated 

Silver plated 

Silver plated 

Silver plate | 

Monel metal 124 


Inconel ISI 


* 60 percent silver bv volu 


Brush Material 


Performance 


Poor 


Br ish Pressure, 


psi 


Silver graphite* At 185 slip rings worn 
excessively 

Silver graphite* Good 175 required 

Silver graphite Poor \t 12, slip rings worn 
excessively 

Copper graphite** Poor \t 60, slip rings worn 
excessively 

Hard carbon Poor it 60, slip rings worn 
excessively 

Soft carbon Poor it 60, slip rings worn 
excessivelv 

Silver graphite* Poor Up to 400, unstable 
)peration 

Silver graph Poor | p to 400, unstable 
operation 

me ** 50 percent copper by volunx 








Eno for 
dry tests 


face plates on either end of the shaft. 


value, because slip rings and brushes 
in electric machinery are designed es- 
sentially for low voltage drop and 
variations in the drop are unimport- 
ant. Slip-ring systems for measuring 
dynamic strains can have an appreciable 
voltage drop as long as the drop for 
a given current remains constant within 


close limits. 


Test SETUP 
Combinations of slip-ring and brush 
materials both dry and wet with oil 
ind at various slip-ring speeds and 
tested by the 
All the slip 


axial type: 


surfaces 


rush pressures were 
hine shown in Fio. 1 


nes tested were of the 
| 


at is, the sliding-contact 


ndicular to the slip ring 


rotation. 
nt types ol 
ere used on the slip rings. In 


construction 
onc 
of assembly, the slip rings were 
thick 
with mean diameters 
A phenolic 
four thin rings 
in. thick and 7 in 
The second type of con 
used rings that were 
thick and 7 in. in diameter 
of the slip-ring materials being 
“ring 
were bolted to face plates on 
either end of the shaft of the testing 
machine as shown in Fig. 1. The 
ring plate on one end of the shaft of 
the testing machine was housed for 
operation of the slip rings in oil. As 
the ring plate rotated, it dipped into 


f shim brass, 


in. wide. 


1 


0.0106 1n. 


. and 6 inches. 


3. 4 

s ` + +l 
sin cemented these 
] 
tO a steel disk 1 
In diameter. 
struction slip 


disks ! in 
made 


tested These slip rings, or 


plates", 


- 


3 


g-in. ring plate of 
Slip-ring materia/ 


Drive pulley 


connection 


an oil bath in the bottom of the hous 
ing and splashed oil on the slip rings. 
An adjustable speed drive rotated the 
slip rings at speeds from 500 to 3,000 
rpm. 

i in. in. dia. and 
A in. in length and their longitudinal 
axes were parallel to the axis of slip 
ring rotation. 

adjustable holders 
brush pressures from 12 


The brushes were 


Calibrated springs in 
brush provided 
to 400 pst; 
brushes could be operated on any onc 
of four slip rings. 

Signals of different amplitudes were 
generated by  resistance-wire strain 

wes of 500 and 1.000 ohm resistance 
with a strain-sensitivity factor of ap 
2.15 


proximately The strain gages 


were mounted on a steel cantilever 
beam and subjected to a bending stress 
at frequency of 1,000 cycles per min 
thus generating essentially a sine wave 
The stress ranges applied to the 500 
and the 1,000 ohm gages were 
12,000 and 8,300 psi respectively. 
By a switch either the 
Wheatstone-bridge circuit or the po 


tentiometer 


ohm 


selector 


) 


circuit shown in Fig. 


could be used. 


WHEATSTONE-BRIDGE Circuir. The 
slip rings and brushes at the ends of 
the testing machine shaft could be 
placed in series with the battery cir- 
cuit or shorted out of the battery cir- 
cuit. In a dynamic-strain measuring 
application, with the arms of the bridge 
attached to the rotating part under 
tesr, slip rings and brushes are used 
in the amplifier-oscilloscope circuit in 


Observation 
window 


Adjustable 
brushholders 
with calibrated 
springs 


Machine for testing slip rings and brushes for use in dynamic strain measuring applications. Slip rings can be bolted t 
Ring plate at right hand end of shaft dips into an oil bath in the bottom of housing 


addition to those in the battery circuit 
But in these tests it unnecessan 
to test the sliding contacts in the am 
plifier-oscilloscope circuit because th 
varying contact 


Was 


resistance of the sli 
rings and brushes is negligible as com 
pared with the 500,000 ohm tota 
impedance of the amplifier-oscilloscop 
Circuit. 

Thc amplifier oscilloscope circuit í 
a Wheatstone bridge is affected | 
slip-ring and brush interference eve 
when the bridge is in resistance bal 
ance. 


This interference is caused 


the effect of the rapidly changing volt 
ages and currents applied by the sl 
rings and brushes and is a function í 
all the capacitances, inductances, 

entire 


resistances in the 


an 
circuit. TI 
bridge could be balanced for one fi 
quency 


a sinusoidal change 
resistance in the battery circuit 
not afte 


so that 
wou 
the oscilloscope B | 
includes 
band of frequencies a conditio: 
never found that would eliminat 
slip-ring and brush interferenc 
ters to improve the system w 
used in this investigation beca 
would have partly obscured th 
parison of performance between 
different types of slip ring. A | 
in the amplifier-oscilloscope ci 
would eliminate components 
strain signal as well as the inte: 
introduced by the 
brushes. 


cause the interference 


slip rin 


POTENTIOMETER CiRCUIT. 1 
rings and brushes at the ends 


Propuct ENGINEERING — JUN! 








Strain gage 


Bridge 


7 


BMELZ fier 


Cathode-ray 
oscilloscope 


Fig. 2— Circuits for testing slip ring and brush combinations to determine satisfactory pressure. (A) In Wheatstone bridge, circuit, 


resistances r,, r, r, and KR; are approximately equal. (B) In potentiometer circuit, resistances R, and R, are approximately equal. 


testing-machine shaft could be either 
placed in series with the battery and 
the strain gage or shorted out of the 
arcuit. A combination electronic volt- 
meter and amplifier was used to cal- 
ibrate the cathode-ray oscilloscope. It 
also amplified the strain-gage signals 
or the signals generated by the varying 
voltage drop across the sliding con 
tacts. 

In the potentiometer circuit, a 
change in resistance through the slid 
ing contacts had exactly the same effect 
n the recording instruments as a 
similar change in resistance of the 
strain gage. For this reason, record 
ing instruments in the potentiometer 
irruit were more sensitive to changes 
in the sliding-contact resistance than 
recording instruments in the Wheat 
stone-bridge circuit. 


MINIMUM BRUSH PRESSURI 


On the basis of minimum brush 
pressure, satisfactory performance was 
ieined as the condition of operation 
n which no difference is apparent be- 
tween the signals when the slip rings 
and brushes were in the circuit and 
when they were shorted out of the 
IfCu 
. Four brushes on the same slip-ring 
diameter were placed in the battery 
ircuit of the Wheatstone bridge 
shown in Fig. 2(A). Two of the 
rushes connected in parallel con- 
lucted the current into the slip rings 
ind two of the brushes connected in 
Paralle! conducted the current out of 
the slip rings. The signal was gen- 
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Slip ring, 


Slip ring 


erated by a strain gage of 1,000 ohm 
resistance mounted on the steel canti- 
lever beam at a point where the maxi- 
mum alternating stress was 8,300 psi. 
and the strain-gage current was main- 
tained between 20 and 25 milliam- 
peres. 
TEST PROCEDURE 

At the beginning of a test the slip 
rings and brushes were cleaned with 
acetone and their mating surfaces were 
polished. The setup was then given 
a 1 hour run-in with the slip rings 
rotating at 1,000 rpm and the bass 
Rm at ap proximately 60 percent 

that required for satisfactory — 
tion. This run-in period allowed the 
film conditions of the brushes and 
slip rings to approach equilibrium. 

Following the run-in period, the 
brush pressure was reduced to 12 psi, 
the slip-ring speed was increased to 
2,370 rpm, and the slip ring was run 
for 15 min. If at the end of that 
time the trace observed on the oscillo- 
scope screen was unsatisfactory, the 
brush pressure was increased and the 
slip ring was run for another 15 min. 
Thus, while the slip ring speed re- 
mained constant, the brush pressure 
was increased until a point was reached 
at which the trace was satisfactory. 
The oil used in the tests was SAE 60, 
and a temperature of approximately 
150 F was maintained. Five of the 
combinations listed in Table I were 
considered more practicable for use in 
circuits to measure dynamic strain. 
These were tested to determine mini- 


^ 
Double throw 
switch « 


Armpiifler 
and voltmeter 


Cathode-ray 
oscilloscope 





mum brush pressure for satisfactory 
Operation at different speeds. 


CONTACT-RESISTANCE CHANGE 


For the preferred combinations, the 
slip ring and brush contact resistance 
change also was measured in the fol- 
lowing manner. The oscilloscope was 
calibrated in the potentiometer cir- 
cuit, Fig. 2 (B), by connecting the 
electronic voltmeter across an operat- 
ing strain gage and adjusting the 
strain-gage current until the signal 
amplitude was equal to 0.00265 volt 
(rms), as indicated by the voltmeter. 
With the signal amplitude set at this 
value, the voltmeter was used as an 
amplifier and its output connected to 
the oscilloscope. The total signal 
amplitude as viewed on the oscillo- 
scope screen was equal to 


0.00265 X 2 " 
= OL 


= 


The amplifier-gain controls were so 
adjusted that the total signal ampli- 
tude was equal to 3 inch, thus fixing 
the calibration at 0.015 volt per inch. 

To determine the contact-resistance 
change, the signal generator was dis- 
connected and the amplifier and the 
oscilloscope were connected across the 
operating slip rings and brushes. ` By 
means of the calibration, the magni- 
tude of the varying voltage drop 
through the slip rings and brushes was 
measured on the oscilloscope screen. 
The high-frequency contact-resistance 
change AR was calculated by substi- 
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786 


393 1,178 2358 3,142 











Surface speed, ft per min 786 1178 2,358 3142 


Monel metal 


786 1178 2,358 3 


Plate brass 















Ico nel 





. Slip ring material. 


Silver Iver graphite 


Silver g graphite 
Dri 








Brush material Silver graphite 








Test condition Dry Dry 





Fig 3—Minimum brush pressure required for satisfactory performance. Test conditions 
Wheatstone bridge circuit; alternating stress at gage, 12,000 psi; gage characteristics wer 











Surface speed 
CODE ft per min 
———— 0 393 
786 
1,572 
2,558 








Change of contact resistance, ohms 


Brush pressure, psi 





Fig. 4—Effect of brush pressure at different surface speeds on contact-resistance chang 
on dry tested combinations of slip rings and brushes, respectively: (A) Plate brass anGgily 
graj 






tuting the measured values for the circuits to measure dynamic strain are: mounted. The values that were a 
current / and the voltage drop AV in (1) Plate-brass slip rings and silver- signed to each of these factors for i 
the equation: graphite brushes, (2) Monel-metal in this investigation were arbitrary an 
N slip rings and silver-graphite brushes, are not necessarily the same as wif | 
AR ] (5) Inconel slip rings and silver- be used in other dynamic-strain applig!" 
graphite brushes, (4) shim-brass slip cations. It should be noted that thg't0 
Wear Tests IN OIL rings and silver-graphite brushes and, ratio of slip-ring and brush interferg*he 
Wear tests were run on shim-brass (2) silverplated slip rings and soft- ence to strain-gage signal varies ing%t 
slip rings and silver-graphite brushes carbon brushes The minimum brush versely as the gage resistance, the gag a 


pressures required for satisfactory — strain-sensitivity factor, and the rang 


operating in oil because of the ex- ; | 
operation of the foregoing combina- of strain at the point where the gaugP 


tremely high brush pressures required 


for satisfactory performance. The slip tons are given in A 3. The re- is mounted. This same ratio is w E 
rings and brushes were cleaned in marks on performance in Table I and — affected by changes in gage curre" 
acetone, the brush pressures were set the data in Fig. 3 apply tot the Wheat- Thus, an improvement in the [€ "A 
sufficiently high, ranging from 150 to — stone bridge circuit. Data in Fig. 3 formance of a slip-ring and brush se 
250 psi., to give satisfactory operation. are in terms of ft per min surface tem can be effected by increasing t 
and the slip-ring speed was set at 2,370 speed because slip rings of four diame- — gage resistance, the sensitivity fa 
rpm. During the 6 to 10 hour net. ters were tested at different speeds. of the strain gages, or the range 
the slip rings ran continuously except < When applying these results to strain. E ! 
for inspections at regular intervals. similar slip-ring and brush systems, . The data for different surface speet 
the effect of certain factors on the in Fig. 4 shows a decrease in 
Strip RINGS AND BRUSHES DRY strain-gage signal must be considered. change of high-frequency contact- 
The magnitude of the strain-gage sig- sistance as the brush pressure is 





Many of the dry tested combina- nal is dependent on the gage current, creased. It is apparent from tl 
tions in Table I were satisfactory in the gage resistance, the gage strain- of the data that the brush pressure $ 0 


performance but the five combinations sensitivity factor, and the amount of critical and that to decrease mum g 
considered most practicable for use in strain at the point where the gage is below the minimum values shown 
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Shim brass 






_ Silver growhite — 
in oil, SAE 60 






In applying these data to 


20 


e Shim brass Silver plated 
Silver graphite Soft carbon 
ditions Dry Dry 
Ies werd? 15 sensitivity factor, 500 ohms, 35 to 40 milliamperes. 
systems, the effect of certain factors on the signal must be considered. 
` 
\ 
jena. des 
80 
80 100 O 
Brush pressure, psi 
chang 


‘ass aG@silver graphite; metal and 


graphite ; 


(B) Monel 


for ugFig. 3 would greatly increase the 
ry angamount of interference in the signal 
is wil It is possible to determine the per- 
appij'ormance of a potentiometer circuit 
iat thiírom the contact-resistance change of 
iterfegthe slip rings and brushes because the 


ies ingttain gage and the sliding contacts 


e gaffe in. series in the potentiometer cir- 
rangqcult. The strain-gage signal and the 
e gag slip ring and brush interference are 
is unl direct] proportional to the resistance 
urrenthange of the strain gage and the re- 
e pergsistan cnange of the sliding con- 
sh sacs. With a 500 ohm strain gage 
ng thiountcd on steel subjected to a stress 
facto! 10,000 psi, the resistance change of 
nge othe strain gage is 0.358 ohm. From 
~ [the data in Fig. 4(.4) it can be seen 
speeds that the lowest value of contact-resist- 
in thence nge is 0.031 ohm. Thus, for 
tact-t the Operating conditions given in Fig. 
is if4(A) the minimum ratio of inter- 


. trendgf€tence to strain-gage signal would be: 
suff 4 00: 


mu 033. 0.08( 


BThis ratio. 
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silver 
(D) Shim brass and silver graphite; and (E) Silver plated and soft carbon. 


graphite; Inconel and silver 


(C) 


then be 


used as a measure of the per- 
formance of the circuit: the lower the 
interference factor the better the per- 
formance obtained from the system. 


SURFACE OXIDES 


There is evidence that films such as 
oxides form on the surface of slip 
rings. films are seldom con- 
tinuous and therefore they contribute 


These 


to changes of the contact resistance. 
The brushes scrape a part or all of this 
film from the slip rings, depending 
on the brush pressure, and thus at the 


higher brush pressures most of the 
film is removed and the contact-re 
sistance change is lowered. The ten- 


dency of films to form more easily on 


some surfaces than on others is one 
of the factors that distinguish a poor 
slip ring from a good one. 

The wear-resistant characteristics of 
these combinations excellent at 
all the brush pressures used during 
the tests. But the total running time 


on any combination did not exceed 


were 


6 hours; it was estimated that this 
amount of time would be sufficient to 
obtain dynamic-strain data from an 
operating machine part. A shim-brass 
slip ring and silver-graphite brush 
combination operated satisfactorily 
without excessive wear on a crankshaft 
and connecting-rod  strain-measuring 
application for 22 hours. 


Strip RINGS AND BRUSHES IN OIL 


The most significant fact from the 
tests run in oil was the extremely high 
brush pressure required for satisfactory 
operation, as shown in Table II and 
Only the shim-brass slip rings 
brushes were 
conditions. 


Fig. 3. i 
and the silver-graphite 
satisfactory under 
The high brush pressures used in these 
tests apparently eliminated the trends 
observed in Fig. 4 for dry operation. 
In all the tests on the shim-brass slip 
rings and silver-graphite brushes run 
in oil, the contact-resistance change 
remained at an undetermined high 
until a brush 
reached at which the resistance change 
fell off abruptly to a small negligible 
quantity. 

The difference -between 
dry and wet is caused by the oil film 
on the slip rings. This oil film re 
mained on the contact surface between 
the brushes and slip rings until the 
brush pressure was sufficiently high to 
break it down The breakdown of 
this film was for all practical purposes, 
instantaneous, after which the brushes 
made positive electrical contact with 
the slip rings and the contact resist 
ance became negligible. 

The wear-resistant characteristics of 
the materials involved in operation in 
oil are extremely important because of 
the high brush pressure required to 
break down the lubricating oil film at 
the points of sliding contact. Tests 
conducted on slip rings at brush pres 
sures of 200 psi and speeds of 2,370 
revolutions per minute indicated that 
the slip rings could be operated for 
10 hr without undue wear 

One of these shim-brass slip-ring 
systems was also installed on an en 
gine-crankshaft and  connecting-rod 
stress-measurement setup where it op 
erated for 5 hours before the wear 
became excessive It was found that, 
if these slip rings had a Vickers hard 
ness number of less than 150 or if 
the brushes became chipped at their 
contact surfaces, prohibitive wear 
might take place in as short a time as 
30 minutes. In an effort to eliminate 
chipped brushes as a cause of wear, 
the contact surfaces of the brushes and 
slip rings were polished and the edges 
of the brushes were rounded to a 7, 
in. radius. 
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Characteristics and Configuration 


Reinforced by Hard or soft 


fabric, paper or maf 
Core material 


Foarned ce//v/ose acetate, polystyr ene, 
phenolics or rubber, honeycornb 





tnciently stiff (bx 


flat shape), ribs can be added to prevent 


! 
Is one is simpie and 





Dy interrupting 


on ends of 


the vertical 








Reinforced plastic moduli of elasticity are lower than for most met 





and consequently allow greater elongation when stressed. When m; 


rials with different moduli are bonded together, special conditions 





produced by stressing the adhesive in shear. These conditions can son 





RIBBING STRUCTURAL PLASTIC PARTS 







Bending causes 
delamination here 














RIBBED SANDWICH. Generally sandwich RIBBED SANDWICH, Preferred De 
structures are sufficiently stiff in them For the same reasons applicable 
elves, and ribs may weaken sandwich previous joint, this one can introdgpt ( 
panels by shifting the neutral axis. Ribs weakness Fabrication. requires 

may provide bosses for further assem material and time, but the 

bly; bulkheads can be attached to ribs of the upper skin on the 

in the huil of a boat. panel adds greatly to the streng 





NINETY DEGREE JOINTS IN SANDWICH 





naf 
SURFACE RIGHT ANGLE. Sandwich RIGHT ANGLE WrrH GusseTSs. This WET 
panels joined in this manner do not have of Joint retains intact the surtace s 
the same weakness exhibited by the pre- for both panels and, because ot Wien 
vious joint. The horizontal panel is not ingle of additional support, this tyx fae 
listurbed and retains its full strength joint can more easily resist side | g 
Excessive horizontal forces normal to The joint is not difficult to produ 
vertical panel can cause delam:nation gives most strength for its typ 






TYPICAL EDGE TREATMENTS FOR SANDWICH 





AND GROOVI 





DENSITY INSERT EpG! FLANGE EDGE. Here the two WrpcGE-SHAPED EDGE S 

high density material can skins of the sandwich have wedge-shaped edge provi 
used as the edge insert foi been tied together and a very strong joint where $ ^ 
joint. When wood is used, flange provided. This construc- loading is to be along 3" 
assembly can be don tion has been used for doors plane of the panel. Gen 
by screwing through the lami in aircraft. This type of edge lap areas are provided wh - 

nd anchoring in thc is particularly useful when it IS necessary to transmit 

‘he channel section can is loaded as shown on the tensile loads to t sk 

of light metal sketch the sandwich. 
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mpi Reinforced Plastic Joints—I 


t meges be counteracted by bonding laminates of different thicknesses; 


J cle ac 1 F 'e € > T n > , 4 > , z ` ~ Y ~ 
n magang thicker section for lower modulus material. Below are shown 20 RICHARD J. FRANCIS 


nts used in assembling reinforced plastics that are illustrated with same 






Lons Consulting Engineer 
in sogkknesses for parts made of materials with identical moduli of elasticity. 
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BOLTED AND RIVETED JOINTS 














INSIDE CORNER. This joint is good fot NINETY DEGREE FLANGE. Tensile loads 
l l 1 rrying horizontal tensile loads. When on horizontal laminates of this joint 
introiit (see Part 1) becaus [ the addi- bonding supplements bolting, the bolts would cause peeling becaus he load 
res bonding surface, but it also is provide clamping pressure as the ad- is applied eccentric to the bolts. This 
€ igainst bending stresses. It is par hesive sets. Also, the excess adhesive same loading tends to produce bending 
orizogplarly good for horizontal compres- lls the voids in the bolt holes, thereby at the angle and may result in de- 
wetl ids improving bearing characteristics lamination if the load is excessivc 
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BOLTED AND RIVETED JOINTS 








ETY DEGREE FLANGE WITH STRIPS Founrv-FivrE DEGREE FLANGE. The IVETED JoINTs. Rivet sometimes 


tace the delamination and the peeling fourty-hve degree outside flange and used where the fastening is to be per- 
se of Miencies of the plain ninety degree the two ninety degree flanged joints are manent. The rivets used on sheet metal 
is tyge joint can be avoided by adding excellent for shipping parts in knocked- satisfactory. Riveting is the same 

loading strips on both sides of the joint down condition. The joints are simply except that when expanding rivets are 
duce the bolting strips are bonded to the made and can be formed at the final used, care is taken to prevent damage to 
€ ités, à very strong joint is formed. point with no trouble. the laminating resin. 


HINGE JOINTS 





NGE. Drilling the DouBLE SrRAP HiNGE. The components of a piano type hinge SINGLE SrRAP HiNGE. Where 
inate and insert- are shown in an exploded position. Looping the reinforcement only one side of the laminate 
makes a simple around the rod and adhering to both sides of the laminate makes is accessible, reinforcement. 

High tensile an unusually strong joint. Where strength is the only coasider- looped around the rod, can be 
to the two in- ation, the rod may be metal, but where electrical characteristics bonded to one side. Some 
nesses: reduction are a factor, the rod may be of the same reinforced plastic eccentricity may be developed 
n and low re in this design. Edges of lam 
di ce t ar stresses in the inate and strap are bevelled t 
FI laminations reduce peeling 
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ENGINEERING ABSTRACIS 


FORE 


Fig. ! 


IGN 


AND DOMESTIC 


Measuring box placed beneath the tool. Fig. 2—Between punch and die. Fig. 


Measurement of Force Required for 
q 


Stamping, Pressing and 


Fereign abstract, condensed from "Elec- 
trical Methods for Measurement of Forces 
Required in Chipless Machining Opera- 
tions”, F. Faulhaber, VDI Zeitschrift, 
June 24, 1944, page 347. 
ELECTRICAL INSTRUMENTS have re- 
cently been developed for measuring 
forces on presses, hammers and sim- 
ilar machines for shaping of metals. 
These instruments can readily be in- 
and do not require any ap- 
iable alterations of the machines. 
main methods of installing 
the measuring box are shown in Figs. 
1, 2 and 3. In Fig. 1 the measuring 
A is placed beneath the tool B; 
method is employed when the 
forces are relatively small as on small 
stamping presses. In Fig. 2 the 
measuring box A is between punch 
B and die C; this arrangement is 
used large and extrusion 
which shows a 
iO n, thc 


stalled 


pre 


Ihre 


box 
this 


on 


esses 
machines Ic >. 


lorc press Oper. 


| measuring 


C- Active 


mareri 


B-flasti 


Cylinder 


F-Connect- 


D-/nactive ing wire 


material 


\. A-Measuring device 


Fig. 4—General design of a measuring 
box with an internal measuring device. 
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Extruding Operations 


box A is freely supported by the 
shell C and a liner E 

The elastic deformation of a measur 
ing box member is used to measure 
the forces. These deformations are 
small because the boxes must be 
sufficiently rigid to withstand heavy 
loads. The measuring boxes are light 
in weight, and are short enough to 
give correct values even when the load 
is eccentrically applied. 

Calibration of the boxes can be 
represented by straight lines that have 
the same slope for various measuring 
boxes. This requirement is essential 
because it makes possible the use of 
several boxes in series. 

Light weight of the measuring in- 
struments is the most important con- 
dition. cannot be measured 
accurately when the box weighs several 
hundred pounds. Also, heavy boxes 
are difficult to install properly. 

The general design of a measuring 
with an internal measuring de 
vice is shown in Fig. 4. To avoid 
highly sensitive recording instruments, 


the 


Forces 


box 


relatively 
large elongation AL (practical values 
lie between 0.0040 and 0.0004 in.) 
Elongation is calculated from Hooke’s 
Where 
P = applied force 
L - measuring length 
sectional area 


= Modulus of elasticity 
= PL/ql 


design is based on a 


ARTICLES 


A-Measuring 
DOX 
‘ 


,D-Forcina 
too/ 


3—Freely supported by the shell and liner. 


The weight G of the elastic body of 
measuring length L, made of material 
having â specific weight y, is deter- 
mined from 

G = ylq 
and since the stress ø is P/g 


G = yALPE/0 
Weights of 


different measuring 
boxes can conveniently be compared 
on the basis of the "specific Load «K 


that is, the load that a box can sus 


" / 2 
Compressive Stress, ka / mm“ 


Fig. 5—Specific load as a function of the 
compressive stress at different elongations 
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tun for each kilogram of weight ; 


From this equation the specific load 
varies proportionate ly to the square of 
pro^ ided that 

elongation, or sensitivity, AL re 
mains constant, Fig. 5. The measuring 
length L varies inversely proportional 
to the compressive stress ¢. An ap- 
xeciable portion. of the height also 

ries proportiona: ely. 

p ractical values for the sp ecific load 
K are 1 to 3 tons per kg for hydraulic 
boxes and 2 to 10 tons per kg for 
old type electrical boxes. In a recently 
developed electrical box the specific 
load could be increased to as much 
as 77 tons per kg. The basic design 
of this box is shown in Fig. 6. Such 
a large value for K can only be ob- 
tained by increasing the compressive 
which in turn requires a 
hardened spring body and its separa- 
tion from the measuring device. The 
box shown in Fig. 6 was designed 


tl compressive stress, 


: 


stress” a, 


for a maximum load of 500 tons. 
although it can be overloaded 100 per- 
cent. The box weighs 14.3 Ib, its 


largest diameter is 5.8 in., height 


is 3.2 inches. 

Ihe box shown in Fig. 7 was de 
veloped for installations where the 
axis of the box does not stay in the 
direction of load application because 
of deflections within the machine, that 
is, where the load acts eccentrically on 
It is obvious that 
affect the 


the measuring box. 
such eccentricity must not 
recording 

[he tndependem e of the 


from the direction of 


of the true value of forces. 
recorded 
load ap 


[orc 





Fi 6 
iring device consisting 
ndenser. 


Measuring box with at cternal 


’“C- Outside 


cover 


--0-7ransmitter 
sphere 


~A- Measuring 
device 


Fig Measuring box used for loads that 
ntric to the box 
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drawing 
typical stamping operation on a crank press. 


Fig. 8—Curves for a typical 


plication results from one side of the 
elastic cylinder being compressed more 
than the other side when the load 
is off center, while the measuring de- 
vice registers only the averaged de- 
flection. This explanation is only 
approximately correct, because actually 
the independence from com- 
pensation of the shearing forces gen- 
erated in the segments of 
cylinder. The cover C 
likewise plays an important role in 
this — because it is shaped so 
the applied load with 
posee over the elasti 


results 


various 
the elastic 


as to distr but C 
à certain 
body. 

M any other designs were developed 
during the investigation b "trial and 
error methods" because calculations of 
stress distribution are extremely diff 
cult to make. 

The measuring instruments should 
have high natural frequency, particu- 
larly when used on hammers. For 
machines like high speed 
presses, and (except billet 


presses, 
shears 


shears), the natural frequency need 
not be higher than 1,000 to 1,500 


cycles per se It was found that a 
type of opcration, such as cold pressing 
versus hot pressing, has only little 
effect on the occurring maximum fre- 
quencies. It seems that frequencies 
depend upon the design and rigidity 
of the machine rather than on the 
operation performed. 

An accuracy of 1.5 to 2 percent can 


operation on 





crank press. Fig. 9—Curves for a 


easily be obtained without 
the boxes to have 
accuracy, because variations in the 
work material are usually high in 
comparison with the average accuracy 
of the instruments. 

For nonsymmetrical workpieces it 
is advisable to couple several measur- 
ing boxes placed at various points of 
the workpiece, and thus be able to 
determine the total force at any in 
stant of the operation, in addition to 
determining the local force at the 
respective sections. This method is 
of interest when phase differences 
in the operation occur. Such coupling 
values only when 


requiring 
a high measuring 


can result in correct 
the calibration characteristics of the 
various boxes are parallel lines 

The measuring element in the box 
Is protect ted against dust and humidity 
and also against mechanical damage. 
The condenser plates should be sep- 
arated at least 0.040 inch 

Amplifier, recorder, 
plugs, and synchronizer required for 
measuring the forces are built into 
a self-contained unit, which can easily 
be carried when measurements are 
taken in the shop. Independence of 
the recorder from variations in elec- 
tric current in the plant is secured by 

a glimmering stabilizer for the anode 
and an iron-hydrogen resister for the 
heater. 

In addition to the Force 
Curves 


OSCI lograph, 


Time (P, t) 


recorded by the os illograph, 








90° 
Crank anglea 


Fig. 10—Force diagrams comparing the 
f B 


ral operations that a given press can 


produce with a given maximum force. 


the work required for the production 
of a part is a desirable quantity to 
know in the analysis of operations on 
hammers and similar ma- 
The box instruments register 
the force as a function of time only. 
To determine the work done, it is 
measure also the travel 
distance § as a function of time and 
to plot $, ¢ curves. From curves 
representing P by the function / (/) 
and S by the function f (7), it is possi- 
ble to find P by the function f (s), 
thus as shown in Figs. 8 and 9 the 
work done A is 


pre SSCS, 


chines. 


necessary to 


| — fPds 
The S, ¢ curve can either be calculated 
from the dimensions of the machine 
(if the operation takes place within 
a small crank angle of a press) or by 
taking pictures of the motion with a 
movie camera. 

Assume that information about the 
utilization of a crankpress with respect 
to the crank-angle is desired as data 
for possible improvement in various 
operations. It is then only necessary, 
as shown in Fig. 10, to correlate the 
force diagram of the operation to the 
curve of the maximum force P,,,, that 
the machine can produce. Curve A, 
Fig. 10, is the force diagram for a 
single drawing operation starting at 
about 90 deg. crankangle. Comparing 
this curve with the P,,,, curve it is evi- 
dent that the machine is poorly util- 
ized. Shifting the start of the opera- 
tion to the upper reversing point OT 
of the stroke by employing a rocking 
punch (Curve B, Fig. 10) allows an 
appreciable increase in the drawing 
and a better utilization of the 

Curve C refers to a cold 
extrusion. operation. 

In the work curves Figs. 8 and 9 
the areas A,, indicate the work done in 
deforming the workpiece. Cold ex- 


rorce 


press 


trusion operations have a large Ay, 
while the work done in stamping op- 
erations is insignificantly small. Other 
operations lie between these 


two ex- 





N 
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tremes. The deflection of the machine 
and the tools is indicated by the 
area between the P,S curve and the 
abscissa and ordinate that represent 
the "elastic work" As, The work 
A,, is lost because it is not used for 
the production of the workpiece, but 
it must be expended to get the re- 
quired force. 

It may happea that the work done 
by the flywheel in deflecting a crank 
press is greater than that required 
for deformation of the workpiece, 
particularly in stamping and coining 
operations, but this work is regained 
after the lower reversing point of the 
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capacity of a press, therefore, equals 
the sum of the actual and the elastic 
work capacity. 

Conditions are different in dray ing 
operations that are finished at the 
lower reversing point. The elastic de- 
formation is not represented by an 
area and cannot be regained. At 
the instant the workpiece leaves the 
drawing ring, the stored energy of 
deformation is released and produces 
a sudden acceleration. 

Information furnished by the P$ 
curve is of much importance when 
selecting a drive for the machine to 
suit the expected or known work 





cycle is passed. The total work cycle. 
Polarity Indicator 
d 
From “Polarity Response From Radio have many other possible applications 


Tuning Eye Tubes” by M. L. Greenough, 
National Bureau of Standards Technical 
News Bulletin, Feb. 1948. 

By A SPECIAL CIRCUIT, a conventional 
"magic eye" tube of the variable 
shadow type (such as 6E5, 6U5, 6N5) 
furnishes a polarity-sensitive indica- 
tion. The circuit was developed for 
precision instruments, but it may 


Positive Signal 


(B) 


Fig. 1—Polarity response system. 


Zero Signal 
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The obvious method of making the 
"magic eye" tube polarity-responsive 
is to bias the deflection grid to pro- 
duce some arbitrarily chosen reference 
angle, which is marked on the scale 
over the tube. Positive or negative 
signals then cause an increase or a de 
crease of this shadow angle. The 
disadvantages of such a system are 


/ meg: 


6E5 
Electron- 
ray tube 


Negative Signal 





(A) Special electronic circuit; (B) typical patterns. 
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the instability of the reference angle 
(greatly dependent upon the supply 
voltage) and parallax of observation. 
These disadvantages can be avoided by 
repeatedly switching the signal on and 
off at a rate fast enough to prevent vis- 
ible flicker; for example, at power line 
frequency. By this means two shadow 


E R A C 


angles are maintained on the tube 
screen itself. One shadow angle, cor- 
responding to zero input, appears half 
the time, and during the remaining 
time the angle is that due to the 
amplitude of the applied signal. Zero 
signal input is indicated when the 
edges of these angles coincide. 


T S * * * 


Typical patterns for positive, zero, 
and negative signals are shown in Fig. 
1. There appears to be a half- illumi- 
nated angular sector whose width is 
proportional to the deflection signal; 
and which lies on one or the other 
side of a reference line as determined 
by signal polarity. 
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Fig. I—Arrangement of cell with electrode 
Compact Liquid 
From "A New Liquid Rheostat for Steel 


Mill Use" by T. B. Montgomery and A. C. 
Halter, Allis-Chalmers Manufacturing Co., 
presented at 1948 General AIEE Meeting, 
Pittsburgh, Pa. 

À NEWLY DEVISED LIQUID RHEOSTAT 
regulates the length and area of the 
current path between electrodes by 
changing the level of the electrolyte. 
This gives a wide range of resistance 
in small space. Also, by proper de- 
sign of the stationary electrode and 
insulating block almost any kind of 
“resistance” versus "position" curve 
an be obtained. 

As shown in Fig. 1, the container or 
ell of insulating material is long and 
narrow. On one end is the stationary 
electrode that extends nearly the full 
length of the container at the top and 
slopes back to the supporting ud near 
the hottom. At the other end of the 


cell is a movable weir to which is 
fastened a smaller electrode slightly 


below the level of the weir. Mounted 
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--Movable 
e/ectrode, 
maximum 
speed 
position 


Insulatin g 
tube 


Fig. 2 


below electrolyte. 


Rheostat Design 


on the bottom of the cell between the 
two electrodes is an insulating block. 
Three such cells are mounted side by 
side with their weirs connected to a 
common lifting mechanism. This con- 
nection also serves as an electrical con- 
nector between the three movable 
electrodes for the neutral. The elec- 
trolyte inlets are connected to a com- 


mon header by means of insulating 
tubes. A reservoir, heat exchanger, 


circulating pump and lifting mecha- 
nism for the weirs complete the unit. 


In operation, the electrolyte enters 
the cell through the insulating tube. 
After it has filled the cell to the level 
of the weir, it passes through the out- 
let pipe into the reservoir which lies 
directly beneath the cell. From the 
reservoir the liquid passes into a heat 
exchanger, through the pump, and 
back into the header to repeat the cycle. 
With the weir in its lowest position, 
the length of the current path through 
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0 24 06 8 IO 
Resistance per Phase Ohms 
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Electrode 
Position 
mo ^^ O oo 


sistance 


per Pho ase,Ohms 


Liquid rheostat gives equal steps of controlled variable. 


the electrolyte is the longest, giving 
maximum resistance. When the weir 
is raised the liquid level will also rise 
(keeping the neutral electrode cov- 
ered) ; thus the length of the conduct- 
ing path will be decreased, until the 
electrodes intermesh at the upper limit 
giving minimum resistance. 

This unit is well suited to applica- 
tions that require a large range of 
resistance. Also, equal steps of the 
controlled variable for equal steps of 
rheostat position can be obtained as 


shown in Fig. 2. Size is small, coa- 
sidering the extreme ranges of resist- 


ance obtained and the amount of heat 
it can dissipate. A liquid slip regula- 
tor giving 80 percent speed reduction 
on a 350 hp fan drive, is 67 in. high 
and requires a floor space 26 by 36 in. 

The electrolyte used is a solution of 
(approximately three percent) sodium 
carbonate in clean water. This solu- 
tion has a negative temperature co- 


efficient over its operating range, as 
shown in Fig. 3. 
Liquid rheostats are particularly 
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that 
and precise control. 


suitable on small drives require 
Such ap 
plications include induced and forced 
draft fan drives, centrifugal pumps, 
and compre SSOI drives. 


well 


steples: 


1 
blower and 


They are also suited for large 


Hywheel set motor drives where they 
produce 


ushioning 
load regulation. 


eftect for 
Another application 


good 
a large variable speed drive in 
the load at any given speed is 

and where high de- 
speed 
because the rheostat 
can handle large 


constant, 


accuracy is required 
This ts 


and 


st pless 


mounts otf powe 
Ih« clement 
is determined largely by the accuracy 


* t t ] 
type ol used 


ind response required, and can be op 
manually or 
ally. Manual control is 
small 


erated either i utomartt 
used where a 
and 
not re- 
may be 
obtained with air or oil operat ed cylin- 
ders or a pilot motor under Regulex 
ontrol. This type of control give 

variable response, and eliminates drift 


but the 


drift is not objectionable 


where accurate settings arc 


quired Automatic control 


due to temperature changes, 





L P ——o— n lo—Q— T— 


40 6 


mperature E 


is solution. of sodium 
water. 


Electrolyte 


ionate in clean 


by thc 
Such 


ae is limited 
apacity to the electrolyte pump 
control is ed to regulate specd 

Where extreme 
wind tunnel 
slip. regulator 


rate ol 


accuracy 18 req juired 
drives, 

with a 
generator responding to an 
amplifier provides an 


as In 


the liquid 
used Regulex 
electronic 
ideal combina 
tion 


Orientation of Polystyrene 


From "Stretch Orientation of Polystyrene 
and its Interesting Results,” by James 
Bailey, Plax Corporation, presented at the 
annual meeting of the Society of Plastics 
Engineers, January 21, 1948. 


ORDINARY 
IURI 
which 


PROCESSES OF MANUFAC 
orientation, 
either strength or 
Stretching produces the 
strength in the direction of 


molecular 
nay produce 
weakness. 


result in 


greatest 
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and is useful 
filaments. Wide require bi- 
lateral stretch. Compression molding 
may produce sheets tough in both di- 
rections or sheets weak in one direc- 
tion. Injection moldings require care- 
ful die design. 

The long relaxation time of 
stretched sheets permits lamination 
without serious loss of strength and 
toughness. The tendency to relax en- 
ibles preforms of wound or stacked 
sheets, confined in a simple mold, to 
consolidate themselves when heated, 
without external pressure. 

Polariscopic study of strains requires 


stretch only in. mono- 


sheets 


considerable knowledge and experi. 
ence since hot stretching may produce 
ten times as much birefringen e as 
rupturing stress at room temperai 1res, 
and the hot and cold birefringence 
are of opposite sign. Moreover, cqual 
bilateral stretching produces no evi. 
dence of strain. 

Strength and toughness are a func- 
tion of size, and small fibers can be 
made which show cold stretching ip to 
85 percent. Thin, bilaterally stretched 
sheets show stretch up to 25 percent, 
The surface is a very important factor 
in strength, as is also the molding pow- 
der formulation. 


Continuous Laminating and Coating 


From “Continuous Laminating,” by Cecil 
W. Armstrong, consultant, Burket, In- 
diana, presented at the annual meeting of 
the Low Pressure Industries Division, So- 
ciety of the Plastics Industry, January 15, 
1948. 

A DEVELOPMENT 
me surface and structural lami- 
the continuous coating and 
impragantisn of rolls of many dif- 
ferent materials. The process 
consists essentially of : (1) Combining 
continuously two or more resin-wetted 
sheets of suitable materials between 
separable covers; and (2) continuous 
heat-curing of the laminated stock at 
at mospheric pressure. 

The resins are usually polyesters. 
Filler materials include: Paper, cot- 
ton, rayon, and glass fabrics; cotton, 
rayon and glass fiber-bonded mats; 
aluminum foil; and aluminum foil 


that may mean 
nate I5 


sheet 


bonded to paper. Cover sheets include 
cellophane, resin paper, and 
metal belts. 

Any one of these filler materials can 
be combined with any com- 
bination of fillers. The selection de- 
pends on the desired physical proper- 
of the end product, economic 
considerations, and availability of 
materials. It is interesting that the 
possible combination of fillers is not 
limited to fibrous materials; aluminum 
foil can be included within the lami- 
nate, to obtain cigarette-burn resist- 
ance. 

The accompanying table shows that 
tests should be made on rigid paper. 
base  polyester-resin laminates for 
heavy duty surface applications. With 
other fillers and for other uses, many 
of these tests are not applicable 


coated 


other or 


UCS 


e 


Tests for Continuous Paper-Base Surface Laminates 


Propert: 


Hardness 


Scratch resistance 


Wear Re sistance 


Barcol Impressor (Indentation hardness), 
Venus Pencil scratch test 
producing the scratch 


Taber Abraser tests, CS-17 


[e sts 


Rockwell hardness tests. 
-determined by the hardness of the pena 

Fingernail coin edges, and the like. 

wheel. 1000 gram load—weight | 


1000 rubs, number of cycles to damage printed or pigmented s 


sheet. 
Impact Resistance 


Twenty-four 


70-42. 


Absorption 


Moisture 


Resistance to staining 
cover, 
stains. 
hot water, 
bisulfate, 


citric acid, 1odine, 


Resistance of surface coating to fracture on dropping 
or blunt instruments. 
hour water immersion test, 


of fall I 


gain of weight 


Staining materials placed on surface, covered with watcl 
left over-night or for specified duration; 
Commonly used household chemicals include 
| percent sodium hydroxide, laundry soap, 10 | 
3 percent trisodium phosphate, ammonia, 10 

mercurochrome, alcohol, vinegar, grease, m 


examinat 
Cold 


ink, pencil, crayon, lipstick, and others. 


Colorfastness 
Resistance to heat 
Grease pencil test 


1) Boiling water, b 
Surface 


Colorfastness to light. 
Hot pans, flat iron—275 F 
rubbed with china marking pencil, 


ASTM D620-45T. 
for five min 
rubbed clean wi 


and examined with low-power magnification to detect surta 


and voids. 
General appearance 


Visual inspection of large areas for surface defects such as dr 


lines from cover sheets, freedom from waviness, curl, warpa; 


Resin content 


Weight of unit area of product divided by weight of unit 


filler materials to determine uniformity of product. 
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Typical parts produced on screw machines. 





Tolerances for many of their dimensions are not often specified on engineering drawings 


Shop-Run Tolerances 


L. M. NIELSEN 


General Electric Company 


PART Il 

Shop-run tolerance data for parts produced on screw machines 
and general machine shop equipment. Eccentricity and angular- 
ity tolerances for parts threaded on screw machines. 


MANUFACTURING ECONOMIES made 
Possible by the development of hand 
Xrew machines, and later semi-auto- 
matic and automatic screw. machines, 
have ised this type of machine tool 
to be vregated in most plants sO as to 
» under the supervision of specially 
trained personnel. 

Hi productivity of these machines 
enables them to supply several divi- 
"ons with parts at a lower overall cost 
than would be possible with either 
bener purpose tools or screw ma- 
nines that would not be fully utilized 
in one division or given the special- 
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es 


ized tooling and attention that is pos 
sible a screw machine division. 
The variation in tolerances, finish 
and other requirements between dif- 
ferent operations make it advisable 
to set up shop-run tolerances for screw 
machine operations. Usually engineers 
and inspectors follow a particular line 
of work and explain the functional re- 
quirements or finish. Shop-run toler- 
ances indicate specifications that avoid 
much confusion. 
The eccentricity 
which various types of p 


within 
can be 
maintained economically on the usual 
machines are shown in 


tolerance es 


arts 


types of screw 
Table I. The angularities between 


thread and body, or thread and thread 


2S see 


[able II. These limits 
ipply on work up to 10 in. long, which 
usually covers a majority of the parts 
made on screw machines. 
Manufacturers strive to produce 
parts as close to zero variation as pos- 
sible, but wear and tear on machines, 
tools, and fixtures as well as the human 
element makes it necessary to plan 
for some variations. When inspectors 
find a tendency for the work to ap- 
proach shop-run tolerance limits, the 
maintenance man or the tool setter 
can be called in to make necessary cor 
rections. Tables III and IV are the 
variations to which the preceding com 
ments will apply. The. squareness of 
faces under bolt heads, and 
nuts, shown in Table IV, is important 
mainly where high 
tered, but it is advantageous to specify 
what may be expected on commercial 
work so that a surface requiring closer 


are shown in 


SCFCWS, 


stress 1s encoun 


attention may be so indicated on the 
drawing. The tolerances given in 


Table III for turning, boring, and fac- 
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TABLE I — ECCENTRICITY TABLE II — ANGULARITY 
TOLERANCES FOR SCREW MACHINE WORK TOLERANCES FOR SCREW MACHINE WORK 


THREAD WITH BODY THREAD WITH BODY 


e ¢ Tha 


"m d ) rr 
0.006 l y i 0.001" per in. 


of thread 
leng *h 
t ¢ Body 


i THREAD WITH THREAD 
THREAD WITH THREAD r-É Thd 





Y 
, <---0.005” per 
~m«-- 0.006" on threads h à of thread 


up to lI" oro length 
0.0/0" on threads 
over p olio 
THREAD WITH THREAD 


THREAD WITH THREAD t 0001" pèr in. of 
<--- T 


- E thread length 
>| je . 004 z 


Y 
GH THREAD WITH THREAD 


Wl, € Outer thd i 
MET 


f <----- 0.007” ] yf 
re - i per in. o 
EAD TH THREAD T m K ies thread length 
Yt £ Inner thd 


THREAD WITHOD OF BODY 


É Thread 


y " i í 
THREAD WITH OD OF BODY th M rmt 


“Kk thread length 
---- 0.004 ” iF OD rs 
finished 


0.004” perin. of 
thread lenath 





THREAD WITH DORILLED HOLE 


0.0905" on threads 
vp fo lá oia 
Screw ma hine) 


" u 

on threads 

yer 
over /z oio 
se rr . 

(Thread -mi/led | i p 0.007” per 
and 2nd operation IHE | It thread /engtt 
work) 


THREAD WITH THREAD 


un tolerance on ongularify 
on/y fo work up fc 10" long 


operations can be used on hand are shown in Table V. These also ap Certain other standard practice 
machines, chucking machines, ply where a bolt or screw extends should be defined so that they ma 
and second operation parts. These deeper than perfect threads would be mutually understood. The follow 
tolerances are given for dimensional permit. Tapping such holes, even ing are typical examples: 
variations where much misunderstand with a bottoming tap, is difficult with 
ing can occur out chip clearance. This practice is SHARP CORNERS. Unles othcrwis 
The reliefs used where threads are not used on holes less than 1 in. stated on the drawing, these shou! 
close to a shoulder or run into a blind diameter. The drilled hole should be be "burred." Practical limits for th» 
hole that cannot be drilled deep deep enough to allow for imperfect — are: Up to 1 in. dia., 0.003 in. to 1/0 
enough to provide clearance for chips threads and provide space for chips. in. ; to 3 in. dia., 0.003 in. to 1 
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TABLE IIL— GENERAL TABLE IV —BEARING FACE ANGULARIT Y 
TOLERANCES FOR SCREW MACHINE WORK TOLERANCES FOR SCREW MACHINE WORK 


k-@) Diameter -»i k- Length- --» @) Eccentricity THREAD WITH BEARING FACE 


@ Offset | 6} Taper -—- 


X 
J 


¢ Tha- 
For bolts 
— | TD | Angularity produced by „For nuts 
+) Our of round 6) Angularity 9H Angularity a maximum of Q dn li 0.0/7 per 
~-> 


oan jQ -Á -- rn. 


of faces- E-- € to ¢ width across flats 


i 


of Over - 72" 
D Length d "fo 24" 24"'to 72" Over 7: 


Tolerance 











4 to 24"| 24"to72") ; cs N 
eee ee - 0.0/7" per irt.----------->|\«- 





+ I” " 


| Tolerance 64 +3 





BEARING FACE 











AN 


Given 4 
anale >= 


0.017” per im. ~ 


For all diameters, these factors ere 
to be within the tolerance on diameter; 
whether the tolerance is on the detail 
drawing, or the Shop-run tolerance 


on diameter applies TABLE V — THREAD 
RELIEFS FOR SCREW MACHINE WORK 


EXTERNAL THREADS 


3" +o" 


| Toleronce ex - me-—-----3 threads for fine series; 


| 5] 4 threads for coarse ser/es 





| Angularity Faces and shoulders 


©+ 





; r to” 
) i Max 0.005" per f* of surface wrath t----- Dia = Minor dia of thread - LL" 
Tolerance 64 


measured racially 











INTERNAL THREADS 


Angularity Center lime to center /ine 





— — - - --- 4 threads for fine series 


^ ófreeos for coar e Ser/es 
( 


Tolerance Max € 0” per ff 


I 3 a 

Le-- Dior - Major dia of 
The dimensional tolerance may not be I 7 j dd" 
exceeded by any combination of other thread _ yrs 
tolerances affecting the same surface 


or surfaces 








ind over 3 in. dia., 0.003 in. to 1/16 fer can be standardized, such as 45 de- of "break corner" will always be 
in., all on a 45 deg angle. grees unless otherwise specified. Excep- — followed. 

\ tions can be made so that existing tools 
CHAMFERS, INTERNAL AND EXTER- or equipment will not be affected. Bolt CHAMFERS ON THREADED ENDS. 


NAL. Chamfers require an additional heads and nuts, for example, can be Chamfers, unless otherwise specified, 
Operation and should not be confused made toa different standard. The angle can be made to extend below root di- 
| with “break corners” or “burr”. When of a standard chamfer can be specified ameter of thread, and the depth below 
i B chamfers are required they should be to allow a tolerance of plus or minus 5 the root diameter specified shall not 
6 specified on drawings by sizes as: degrees. If not shown on drawings, it exceed one-half the depth of thread. 
nE l n. chamfer. The angle of cham- can be understood that shop practice Squared ends with chamfered edges are 
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preferable to rounded ends, since the 
rounded ends require form tools and 


radius gages. 


When a 


m 
larger « 


CORNER FILLETS urned di 


lamceter a 


t 
l 
corner is hard to maintain and 


runs into 


ameter 
square 
a definite stress raiser, Of a 
point. It 


presents 
weak used 
A radius 
Unless otherwise 
radii can be made to 
in. for diameters up 
and 1/32 in. radius 
for larger diameters. Since fillet di- 
mensions may be critical, they are usu- 


ally specified on the 


should not be 
unless the design requires it. 
is always preferred 
specified orner 
a radius of 1 l 


to perhaps & in 


drawing. 


FLATNESS OF ENDs. Cut-off ends can 


be expected to vary as either concave 


or convex to 0.005 in 


" ] 
approximately 
max., per inch of diameter; and faced 


ends to 0.001 in. max. per inch of 


CLASS THREAD. All threads, either ex 


tern or internal in be made to con 
for [O a Ju cified lass unless othe: 
W indicated on the drawing 

GRINDING RELIEF ON SHAFTS. Whet 
a ground diameter runs into a larger 


a relief groove near the face 


of the larger 


diame LCI 


diameter should be pro 


vided. Unless an undercut is shown 
on the drawing, these are practical 
dimensions: Width, 0.030 in max.: 
depth, 0.003 in. to 0.005 in. or 0.006 


below the 
finished diameter called for on the 
The 
0.004 in 


in. to 0.010 in. diameter 


drawing radius in such cases 


near the 


can to 0.007 in 








l 0.040 
0.044 0.07 
0.070 0.1 
Í i} FN 
1/4 in. to ] 
1/2 u f 
3/4 in. to ] 

lı l 





. Mvyealex « 





r similar non-shrinkable materials. 


FOR Ho ces. Tolerances 
drilled as part of screw 
Operations are shown in 


TOLERANCI 
for holes 
machine 


Table VI. 


General Machine Shop 


Where a complete unit is built in 
a factory, shop practices can be de- 
veloped that maintain a standard of 
tolerances and finishes for satisfac- 
tory operating characteristics in the 
product and commercial acceptability 
to the market. These local standards 
will vary with the product and the 
standards the owners set for them 
selves as well as with the market to 
which they cater. 

Many points of similarity are found 
in. different types of shops. Some 
shops building aviation and marine 
equipment require close-tolerance pro 
duction, while others such as builders 
of industrial control equipment usc 
a large number of molded and punched 
parts on which wider tolerances arc 
acceptable. Also, there are many shops 
that have a 


f 


for both 


mixture Of requirements 


| 


close and wide toleranci 
work 

Holes that can be drilled, punched, 
can have the word "hole" 


dimension on the drawing, 


swaged, et 
follow the 
permitting the method of machining 
be determined by the This 
same principle can be observed wher 
ever alternate 
may be used 
the 
adapted to both its available facilities 


and past 


to be 


ractory 


methods of 


The factory 
1 
4 


production 
can thus 


select tools and methods. best 


and 
satisfactory part at the lowest possible 


experience, produce a 


manufacturing cost 


l'ypical shop run tolerances on cir 








TABLE VI—TOLERANCES FOR HOLES DRILLED ON SCREW MACHINES 


Me tallic t 





0 002 in 0 00l in. 
0 003 in 0.001 in. 
0.004 in. 0.001 in. 
0 005 in 0.002 in 
0.006 in 0 002 in 
0 . OUS in 0.002 in 
0.010 in 0.003 in 
0.015 in. 0 003 in 


020 in 0.005 in 
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Variation trom 


Non-metallic materials having shrinkable characteristi 


cular bodies indicating allowable v; 
ations for: Out-of-round, eccentric 


taper, angularity of faces and shoulders 


to the centerline and the angula: 
of diameters with the centerline 

similar to those given in Table | 
Only the values for angularity to 
ances are different from those sho 
in Table III. For general mach 
shop operations the maximum angul 
ity tolerance for faces and should 
is 0.003 in. 


[] 


per ft of surface widtl 


measured radially. The maximum cen 


ter line to center line angularity tol 
ance is 0.003 in. per foot. 
of diameters should not be confus 
with taper, as the diameter may mca 
ure the same on both ends, but n 
run with the 
one point along the axis. Also, 
pointed out in Table III, the co 
bined variation in eccentricity, © 
of-round, and taper may not c 
the tolerance on the diameter. 

The following values for run- 


truc 


an be used for holes in the center ol 


parts (run-out being twice the e 


tricity ) produced on different types ol 


p 
machine tools: 


Dril n tO €x .010 in. betw 


surfaces and cent 


Turning and Boring Machines 
xceed 0.007 in. between out 


id center 
| to exceed 
C5 I i cen 
Gri! S ne t CN | O] 
n ot le surfaces and center 
I e should not be convex 
.001 in. per inch ot 
Cylindrical parts with thin wall 


thin walled rings, half rings or sl 
which, unless measured in the fixt 
in which they are machined, will 





2 1 
ASIC OIZ 


Non-Metallic** 


Minus 





0.001 in 0 002 i 
0.001 in 0.003 in 
0.001 in 0.004 in 
0.002 in 0.005 in 
0.003 in. 0.006 ın 
0.003 in Q OOS 1 
0.005 in 0.010 in 
0.005 in 0.015 in 
0.007 in 0.020 in 
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Angularit 


centerline at onl) 













out of shape until assembled with the 
| 


M pue "qup pum pus TABLE VII — TOLERANCES FOR FLAT WORK 


lem l'o study such situations, the 
following methods can be used to ar- 
rive at a satisfactory solution: 

W here the ratio of inside diameter 
to the wall thickness dimension is 
10 or greater, special consideration 
must be given to distortion of di- 


c j 


$qguareness 


€ [ ameters in making the set-up for ma 
hining and clamping, and later meas- 
ring. Average diameters may be 


ised to measure the diameters of such 
parts after all clamping has been re- 
leased. Six or more measurements 


I an be taken and averaged to obtain | á ve cR j *« 

1 > - " 4 1, eiaht d sa" " 
average diamete:. Outside diameters " '9 z ‘ 24 to T2 
of such parts can also be measured by 

| 1 4 E : f | + l 
fexible rules around the body, divid | - 35 

! ing the measurement by z. So called 

: 


pr rules are now available 
Tolerances for flat work are shown 


in Table VII and apply, of course, 


" , sf 
a maximum of 00/5 


Tolerance ‘oe per in., plus 0.005" up to 


T 


only where specific tolerances are not 


Flatness à i " 
given on the drawing. Flatness can "— | Toleronce 
e measured either. with a straight | Finisl When pitch of high spots, peak to peak is; 
edge and à set of feelers, or by pla Symbol i 


ng the part on a surface plate and — —— ——— À 
ng feelers around the edges of the d 


Parallelism is a dimensional 


tolerance that can be measured 0.0001" 0.0001" per ft of pitch 
ordingly. | 0.0002" 0.0002" 
Ihe tolerance on length is used 
where holes or other features on an | 0.0005" 0.0005" 
arc or circle are spaced by giving the 
length of the cord rather than the | 9001 0.001" 
angle. This method is also used for | 


dimensioning holes located in a straight e e 


E 
line on a flat surface. The lean, or 0.0035" 
tilt of a drilled hole is determined by 


+} i Los : j $ | 

the angularity tolerance where thc : jO 0.007" 
hole is at a 90 degree angle to the 

reference surface. | 8 0.016" 0.016" 


Many new types of machine tools 





that will improve quality by maintain- 3" 1 HL 

| | r : Parallelism Tolerance | 2:00/" per in. plus 0.005 up to 
ing close tolerances and better finishes y maximum of Q.0/5 
are being manufactured. Often thc i — — ont state — 
cost of manufacture is reduced. For Anales f 


Where ang/es are expressed in degrees 
the tolerance = 47° 





example, one new type chucking ma 
ching produces pieces of improved 
quality by using an accurate indexing 
spindle and rigid construction. High 
speeds are provided for improving l 

hnish by using carbide tooling. The P — =e 
cost of the operation 1s reduced 50 The dimensional tolerance may rot be exceeded 


percent below that of the previous by any combination of other tolerances affecting 
machine because of the high speeds the same surface or surfaces 


b - —X - 


Where angles are dimensioned by coordinate: 
i w E . c 
the tolerances on Section (1) above control 
\ 


| 


and feeds and features that reduce 
loading time. 
Internal grinding operations ir holes 








T : in. dia ge closer tolerances being decreased by improved manu- cut and welded parts can be the basis 
a eaming and result in less scrap facturing machinery and methods, the for shop-run tolerances on dimen 
Thread rolling machines can be used standards have to be revised to suit sions, angles, etc as well as on the 
tor producing threads up to 2 in. dia these varying conditions surface finish of flame-cut and welded 
Within a 0.0005 in. variation in size Shop-run tolerances for other spe scams. Allowable variations for this 
Broaching and plunge grinding opera ialized manufacturing operations such type of work depend upon the size 
tions also are used to reduce cost as forging, broaching, welding, et of the pieces used. Often it is advan- 
Without reducing quality. can be developed to suit the require- — tageous to take photographs of welded 
. Since the shop-run tolerances for ments of the particular organization. or flame-cut surfaces to indicate the 
individual operations are constantly For example, studies made on flame general appearance of acceptable work 
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TECHNICAL NEWS HIGHLIGHTS 


Courtesy Air Reduction Co. 


Increasing the speed of an open-hearth furnace melt, a worker inserts a water-cooled oxygen impingement lance used to melt 
floaters. Oxygen is used in the refining and melting processes as a chemical reagent and to make more complete combustion of fuel. 


Large Volume Oxygen Meets Industry Demands 


OF OXYGEN and indus 
to produce large volumes 
sarily progressed 
eached a point 
atlable and 1s being 

iantity in. the. produ 

hemical reagent 

the synthesis of liquid fuels 
Germans initiated production 
volumes of low-purity oxygen, 
Linde-F 1 


rat two 
DON resl 


inkl process for 
lting from pressure 
coking 


all de 


Insufficient 


bituminous 

German 
limit and 
all available production 
Vit 1 


^ U ited 


taxed to the 

within its 
1 

formed by burning 

was too low in 

be used as produced 


its effectiveness, it 


in enriched air 


Was 
This 

the foundation of the expanded 
igh volume 


stream 


use Of oxygen 


146 


p riod between the two 

erican use ol 
expande This 
ounted for by industries 


} 1 
Heavy 


During the 
Id 1 oxygen 


C xpan 


constru 
Oxygen was used 
i Ja] 
s and c <panded 
me per unit pro 
for large amounts 
ded: Flame-hardening, 
lll less steel, and Ge-scaling 
tain teel, and d lin 
billets, furnace 


ingot split 


tapping an 
plitting. Though the oxygen 
used in all these processes was of high 


purity, the members of the steel in 


l been m } 


were beginning to expe 


gain | 
At the present 
| 


C 1S Making 


tO quantity Oxygen as a 
tion tool much easier. 

the beginning of World War II, 
y needs pointed up the need 
for making portable oxygen-producing 


pment. High altitude flying and 


eq L1} 

forward area maintenance required ad- 

equate supplies of high-purity oxygen. 
i : & d 4 & 


Answering the requests of the mili- 


> 3 
tary forces for portabl« 
j i 
ment, th Otnce ol 
rch aad Develo; 


C 
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EIC - IE. W. 


: designa 
Kellog Co. to act as 
entral engineering organization 

level mM ' l ot in | t. 
` ac velUpi eni, desien anc LC 
f oxygen plantis. 


The units that l 


WCrC desienc 
requirements W 
of high-quality 


x i | "- 
oxygen. | hey vere built to ope 


on the principle of low temp 
Thoi 


1 


air fractionation. rh the 


will not show in the huge volume | 


duction needed to ma 
lemand for and 
er anticipated demand of 


future—they have 


that is 
oOxygen 


} uded in design 
present plants. They showed the 1 
tion between the quality of the f 
eas and the volume of that gas 

Men close to the field of vol 
feel that oxygen 
will be definitely divided between 
purity groups: 10 to 6O percent 
80 to 100 percent. 


Oxygen use qua 


Present concept 
of "cheap" oxygen seems to impl 


Propuct ENGINEERING — JUNE, | 








li 


urity between 90 and 95 percent. 

Throughout the war, the Elliot Co. 
has been interested in oxygen and its 
use in large volume. They have re- 
cently announced a process for large- 
scale production of oxygen without 
use of the Linde-Frankl method. 

In this process, pre-conditioned air 
is cooled to —300 F and distilled 

special distillation column into its 
components of oxygen and nitrogen. 
The later is valuable for by-product 
chemical production, and the oxygen 
is in such form that it can be piped 
directly to the point of use. 

pilot plant, which has been op- 
erating for more than two months, has 
shown that the new process can op- 
erate indefinitely without necessity of 
"defrosting" shutdowns. These shut- 
downs have been responsible for many 
of the bad features of other systems 
of producing high-volume oxygen. 

Although much has been said about 
the Fischer- Tropsch process for syn- 
thetic liquid fuel production, less than 
8 percent. of Germany's annual pro- 
duction of liquid fuels was produced 
by this process. The hydrogenation 
process was respo ynsible for 40 percent 
of liquid fuel production. 

However, with the Fischer Tropsch 
method of turning coal or natural gas 
into gasoline, fuel oil and a long list 
of hydrocarbons is being im estigated 
in this country. All of these studies 
will require the use of large volumes 
of oxygen. Natural gas is to be used 
in new plants in Texas and Kansas 
for producing synthetic fuel. The 
oxygen is used to change the natural 
gas to the synthesis gas. Oxygen will 
also be used in large quantity in mak- 
ing synthetic liquid fuels with coal 
and coke as the base materials. Here, 
the synthesis gas 1s made by the action 
of oxygen on the carbonaceous fuels. 

One of the major drawbacks of the 
original system of liquid fuel syn 
thesis, in the United States, was the 
inability to change German methods 
into product ion processes along Ameri- 
can lines. 

The M. W. Kellogg Co. had an 

ellent . background in the Fischer- 
Iropsch process and made valuable 
ontributions in swinging the process 
into American production. They were 
first to adapt the Fluid catalyst 
principle to liquid fuel synthesis. The 
Kellogg Co. had much to do with the 
development of Fluid catalytic-cracking 
0! crude oil, and saw the use to which 
it could be put in synthetic production. 

(hat tremendous quantities of ox- 
ycen are needed, can be seen by com- 
paring the production for the year 
1946 and some of the estimates for 
plants being considered. In 1946, 
1! billion cu ft of oxygen gas were 


ti 
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produced; one synthetic fuel plant 
estimates a need for 53 million cu ft 
of oxygen per day. Various estimates 
in the steel industry range from 600 
to 1,200 cu ft of gas per ton of steel 
produced in open-hearth furnaces. 
Anticipated liquid fuel returns from 
synthetic plants can be seen from fig- 
ures estimated for the 19 million dol- 
lar Brownsville plant of Carthage 
Hydrocol—a group formed by eight 
interested companies. The plant will 
require 50 million cu ft of oxygen 
and 90 million cu ft of natural gas 
per day. From these, 7,000 bbl of 
oil products and 150,000 Ib of chem- 
icals would be produced daily. 
Chemical byproducts woulc Í include: 
Methyl, ethyl, propri, butyl and amyl 
alcohols, etalc lehyde and, 
acetic. and noian e Volume 
production of these valuable products 
will affect chemical industry prices and 
will absorb some of the heavy expenses 
of synthetic liquid fuel product ion. 
Uses of oxygen in the steel industry 
fall into two classifications: chemical 
reagent used to’ reduce the carbon con- 
tent for low-carbon steels, and medium 
in which to burn fuel to produce high 
temperatures and quick melting. 
The German steel industry rec- 
ognized these two qualities of oxygen, 


acetone, 





Courtesy the Elliot Co. 
Ten ton per day gaseous oxygen pilot 
plant has run nine weeks and automatic- 
ally maintained 95 percent purity oxygen 
and 99.5 percent purity nitri gen. The re- 
covery of oxygen from process air is over 
97 percent in this continuous operation. 


+e tee eer = 


but did not try to use them in the 
right places. In applying oxygen to 
their steel producers, they made no 
attempt to use it in the open-hearth 
furnaces. It was used in the Bessemer 
converter, but gave such a short cycle 
that it was difficult to control. Oxygen 
was also used in blast furnaces, but 
the high temperatures burned out the 
refractories. After these failures, the 
use of oxygen in steel making was 
just about abandoned. 

In the United States, the open-hearth 
furnace was seen to be the best place 
to initiate volume oxygen use. In 
August, 1946, a joint operation by 
the Koppers Company, Bethlehem 
Steel Company and Air Reduction 
Company made its first heat of steel 
using the high-purity oxygen enrich- 
ment process. Oxygen and non-ox- 
ygen heats were alternated in the same 
furnace so that data would have sig- 
nificance. Oxygen in these tests was 
used to improve combustion. 

The degree of enrichment was a 
question that could not be answered 
without experiments. The first test 
was arbitrarily run with 27 percent 
oxygen in the air. An increase to 33 
percent showed no benefits. With 
enrichment of 25  percer.t oxygen, 
about the same results were noted 
for the initial heat. 

Results of these first tests indicated 
that oxygen heats were 20 percent 
faster and used 10 percent less fuel 
than non-oxygen enriched heats. The 
saving in fuel was ascribable only to 
faster melting because the refining 
time was the same and was not done 
with oxygen. 

Also in August 1946, the Allegheny 
Ludlum Steel Corp. used large volume 
oxygen as a chemical reagent in the 
manufacture of  open-hearth steel. 
Here, the oxygen was used in the re- 
fining stage of the production cycle. 
Oxvgen reduced the carbon content 
of the steel with a saving of time from 
one to threc hours. 

It is being found that the quality 
of low-carbon - is dependent not 
only on the amount of carbon re 
moved, but die. upon the rate at which 
it is removed. Oxygen accelerated 
carbon removal has been found to in- 
crease the quality of the steel. 

From these simultaneous experi- 
ments it can be seen that oxygen will 
reduce steel making time and can 
improve quality, while saving fuel 
and raw materials. 

Other applications of oxygen in the 
field of metaMurgy are anticipated. 
Some will require only small volumes 
of high-purity gas but others already 
indicate the need for low-purity large 
volumes. The use of oxygen as a 
reagent in the refining of nonferrous 


147 























ny developed present 
It is still too soon to evaluate In 
tollars and cents the effect oxvgen will 


have in our industry, but it seems the 

cts will be large. Use of oxygen 
will also influence design, because 
ictallic materials may have more rigid 
luction controls and may be more 


a curately specified. 
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Standards Engineers Society 
Recently Organized 
TO PROVIDE a meeting place for stand 


ards engineers from all branches of 
industry, the Standards Engineers So 
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ciety has been formed, from the year 
old Standards Engineers Club. 

Ihe society will not create stand- 
ards but will study philosophy and 
mechanics of standardization as they 
pertain to daily work of standards 
engineers. 

Present enrollment includes mem- 
metropolitan | industrial 
firms and professional and trade or- 
ganizations. Enrollments are being 
accepted from standards engineers and 
others interested in standardization 
Further details can be obtained from 
H. R. Terhune, Secretary, Standards 
Engineers Society, RCA Victor Divi 
sion, Bldg. 7-4, Camden, N. J 


bers of 14 





Recent Advances in Metal Microwave Lenses 


NEWES1 
LENSES 


RADIO 
which 


WAVI FOCUSING 
can handle 50 to 100 

levision channels or tens of thousands 
Ol simultaneous telephone 


have been 


Imessages, 
developed by Bell Tele 
phone Laboratories. These lenses are 
tor radio relay systems connecting large 
ities New York to Boston and pro 
posed New York to Chicago. Since 30 
miles is the average distant for trans 
mission of microwaves, frequent relay 


stations are ne Transmission is 


beamed as slender ray 


essary. 
best when 


Ihe new lenses are based on theo 


es of light transmission. through 
tomic and molecular structures; onc 
lens is an array of metallic spheres 


and looks like the popular conception 





ing lenses, used in rai 





t t t t tal f nmpmort! 


Radio 
waves, in passing through the lens, 
set up 
faces and produce the same effect on 
radio waves that molecular lattices oí 
glass or crystalline lenses produce on 
light waves. 

Microwave 


Ol a molecule. 


crystalline 


electric currents on sphere sur 


lenses are built by 
caling-up the molecular lattice struc 
ture of a dielectric such as glass, and 
y conduc 
tive elements for the molecuies. These 


elements need not be spheres but can 


then substituting electrically 


be small strips of conducting material, 
such as aluminum or copper foil con 
struction 

Early metallic lenses (PRODUCT EN- 
GINEERING, July 1946, Page 136) 
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were constructed of conducting plates 
and operated cn wave-guide prin 

ples that speed of radio 
waves as they passed through. Newe 


increased 


lenses slow radio waves as glass 
lenses slow light waves. 


Present lenses are effective for 
television channels and can only cove 
the narrow wave length band between 
3 and 33 in. Newer lenses are effc 
tive at all microwave lengths betwe« 
1 and 4 in., and can handle many 
more programs. 

Radio waves are fed through a 
wave-guide behind the lens, then 
spread along a horn-like shield into 
the lens which focuses them into a 
beam.  Beamed waves are received 
by a similar combination of lens and 
shield where the reverse operation 
performed. 

It has been known for some time 
that glass lenses could focus micro 
waves just as they focus light waves 
But such lenses would have to be big 
and heavy. A len: of this type would 
measure 10 ft in diameter and weigh 
several tons. 

Dr. Winston E. Kock, director of 
the development, reasoned that if lat 
tice structures, which are believed to 
constitute atoms and molecules, could 
focus light waves, a scaled-up version 


of a lattice structure would focus ele 
tro-magnetic or radio waves of cor 
respondingly scaled-up wave lengths 

Since microwaves are 100,000 times 
longer than light waves, a scaling-uj 
in that ratio produces a microwavi 
focusing lens. 





io relay systems, can be made in many forms. Three scale models, at left, show spheres a 
tors and disks mounted in polystyrene foam. Optical lens-like shape can be seen in lens being assembled at rig 


we supported in polystyrene foam blocks and assembled in order. Radio repeater lenses are ten feet square. 
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Washington Notes 


Industry Mobilization Plans 
Progress Rapidly 


Masked by overwhelming publicity 
viven to armed services unification 
under the National Security Act of 
1947, little attention has been given 
to the powerful National Security Re 
sources Board. This Board, headed 
by Arthur M. Hill and composed of 
seven cabinet members, is most power- 
ful allocating agency. 

The NSRB task is to prepare a 
mobilization plan, and in time of 
emergency advise the President con 
cerning coordination of military, in 
dustrial and civilian mobilization. It 
would be the final coordinating agency 
for allocating industrial potential 

The Military Munitions Board has 
done most work toward industrial 
mobilization and NSRB has taken 
over their first draft of a mobilization 
plan. NSRB is adding to this plan 
and is also looking into current prob 
lems facing national economy: Fuel, 
ower, Manpower and others. 

The National Security Resources 
Board could be a blessing, or it could 
be a military tool for dominating in- 
dustry during war. According to the 
law, however, it is a civilian agency 


with power to tell the armed serv- 
ices how much of the national econ- 
omy they can have. If the Board 


works as it is intended to, and since 
it ranks the military in chain of com- 
mand, NSRB should serve to keep 
the military in line, and stop it from 
trying to run industry. 

The Munitions Board, under NSRB 
sanction, has started a survey of 11,000 
plants, to find out what the plants 
can do for war production. After all 
ot industry has been cataloged as to 
plants, products, ability to produce 
materials, and prime importance to 
military output, NSRB will decide 
how much production should be of 
a military nature. 

Ihis Board will avoid the conflict- 
ing orders prevalent during the mul- 
tiple-agency rule during the past war. 


Voluntary Allocation Program 
Encounters Opposition 


Petroleum industry's bid for bigger 
bite of United States steel production 
ran into opposition from governmnt 
sources, even before its report-—first 
towards voluntary allocation of 


$ 


steel to petrole ım uses 


= N 


was of 
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Official U. S. Navy Photograph 


Streamlined Subs Go Faster 


Most RECENT STEP toward develop- 
ing fast craft is. shown in 
the U.S.S. Corporal, one of four sub- 
marines being tested in the Atlantic 
and Pacific oceans. Activated by the 
United States Navy's “Guppy” pro- 
eram, the Corporal is shown surfaced 
and its clean lines are evident. 
Developed às a result of recent 
Navy research and based on results of 
German World War II submarine de- 
sign, the Guppy class is aimed at rais- 


undersea 


ing submerged speeds, range and load. 
A second important 
streamlined underwater 
stripped of all guns and non-essential 
superstructure, will train anti 
submarine crews in tactics to be used 
against modern subs. The Guppy pro 
gram is the first phase of the Navy's 
long range effort to design and con 
struct a true submarine, and closely 
parallels Air Force program to study 


high speed airplane characteristics 


use of these 


speedsters, 


be to 





the National 


ficially approved by 
Petroleum Council. 

Report by the special NPC 
showed an estimate of needed 
to boost petroleum output by six per 
cent in 1948, five percent in 1949, and 
four percent in 1950. This estimate 
is ten million tons of steel per year, 
or fifteen million tons for the 18 
month period beginning April 1. 

Assistant Secretary of Commerce 
David K. Bruce told the congressional 
committee investigating petroleum 
and steel shortages that as far as he 
was concerned, the industry had not 
yet proved to the government its need 
for this amount of steel. Sponsors 
of the steel request are hoping that 
close examination of figures and basis 
for them will reveal to Commerce 
officials that they are not far out of 
line 

This puts the Department of Com- 
merce, operators of the voluntary ma- 
terials allocation law, in the position 
of being asked for allocation pro- 
grams where they'd rather not have 
them—and getting refusals from in- 
dustries in which the government 
wants allocation programs. 

Nitrogen produ: ers, called in to 


group 
steel 


m; 


discuss whether they wanted to name 
an advisory committee to 
voluntary allocation program for their 
industry, decided not to name a com- 
mittee. That is the end of the line 
under the law. With no voluntary 
cooperation from industry, 
happens. 

Nitrogen producers seem to speak 
for all industries in tight supply situ- 
ations. They see no chance of increas- 
ing production through an allocation 
program and feel the shortages are 
diminishing. 

Since the inception of the law creat- 
ing long-term material allocations, 
more industries have refused to have 
programs than have accepted. 


discuss 


nothing 


More Strategic Materials 
To Be Stockpiled This Year 


Military planners, taking a long 
look at the lack of slack in the civilian 
economy, are seeking a way to get 
priority or end-use controls over cer 
tain strategic and critical materials. 
Stockpilers have won larger appro- 
priations to put more materials on 
the shelf this year. 

Military factions want ready for 
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use on instant notice (and preferably 
already on the books to be brought 
into play upon Presidential directive) 
machinery that will enable them to 
enforce priorities for the use of these 
materials. Following claimants would 
be served in this order: (1) Muni- 
tions, (2) stockpile and (3) civilian 
industry. 

Materials on list 
include: Chromite, 
tin, antimony, bismuth, beryllium, tan- 
talum, manganese, cobalt, vanadium, 
tungsten, titanium, copper, lead, co- 
lumbium, lithium, cerium, mica, graph- 
ite, corundum, quartz crystals, and 
others seen on previous stockpile lists. 

The armament program would have 
to enlarge considerably, however, be- 
fore such priorities would be voted 
by Congress. Current program, in- 
cluding European Recovery Program 
shipments, does not put enough strain 
on the economy to offset antipathy to 
Hence, military will get 
materials via dollars, not directives. 

While one industry is fighting off 
military attempts. to. move in on 
short supply of metals and materials, 
another is hoping that war planners 
will stockpile their materials. Case 
in point; some distillers, who are 
talking up the idea of government 
stockpiling industrial alcohol. The 
Washington not a ghost of a 
chance in the foreseeable future. 


for this treatment 
zinc, cadmium, 


controls. 


answer: 


Report Shows Misuse of 
Scientists in Wartime 

Shortly, there will appear another 
report from the Army analyzing how 
scientists-in-uniform made use of their 
abilities when called into the armed 
services during World War II. The 
report will show that about 4 of work- 
ing, professional scientists were put 
where they could not use 
their technical skills when they 
put into uniform. Planners in the Gen- 
eral Staff are hoping this report will 
generals to act on the 
proposition: In the next 
scientist is a primary resource that 
the military cannot afford to use at 
less than his maximum efficiency. All 
Army's scientific 
opinion polls point to wastefulness of 
taking a scientist, or potential scientist, 
and running him through 
Service to produce a foot soldier. 

Manpower planners have already 
started the ball rolling by organizing 
test groups of scientists who are now 
in the Army Reserve. First group was 
organized in Wilmington, Delaware, 
about a year ago. Others are being 


into jobs 


obvious 
war, the 


move 


statistics of the 
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activated in large cities, at colleges and 
at private research organizations. 

Another objective is to prevent a 
Situation similar to that prevailing 
after World War II. Very few po- 
tential scientists started or completed 
educational requirements during the 
war years—we now have a serious 
shortage of scientists (see PRODUCT 
ENGINEERING, June 1947 page 82). 
At present, draft legislation on Capitol 
Hill provides no special treatment for 
scientists. 

The Army is not the only activity 
taking cognizance of this problem. The 
American Council on Education has 
advocated national and special con 
trol of scientific manpower as a way 
to give the problem the attention it 
Association of Land Grant 
Colleges is also thinking along these 
lines. However, there is no unifica- 
tion on the separate proposals. Aside 
from previously mentioned groups, 
the Navy is developing a program of 
its own. Logic of the situation hasn't 
yet broken intra-service 
barriers. 


desen Cs. 


down the 


Depth of Liquid Surface 


Accurately Measured 

SCIENTISTS at the Stanford Research 
Institute recently announced that they 
have determined the depth of a liquid 
surface to be about 1,000 atoms, or 
approximately one millionth of an 
inch. The measurement indicates that 
molecular attraction takes place over 
a wider range than has ever been 
proved before. Previous theory held 
that attraction of surface molecules 
held to a depth of one-billionth inch. 

The discovery can be practically ap- 
plied in the fields of lubrication, oil 
exploration and biology, where the re- 
action of liquid surfaces in contact 
with other materials is important. 

Evidence has been produced that 
because of the effective long-range in- 
fluence of molecules upon each other, 
the strength of a joint depends as 
much on the strength of the metals 
being joined as it does on the strength 
of the adhesive. 

The scientists used tiny cubes of 
copper and tungsten joined together 
with a thin coat of shellac. With 
copper cubes, the breaking point of 
the shellac was 6,000 psi; with two 
tungsten cubes, the shellac joint broke 
at 300 psi; and when one of tungsten 
and one of copper were used, the 
breaking point increased to 900 Ib per 
sq inch. 

Measurements of liquid surface 
depths are being made at the Research 
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Institute, under Office of Naval Re- 
search contract, with an apparatus that 
measures the distortion of polarized 
light reflected off the liquid surface 
Long-range molecular influence may 
be the explanation of a puzzling phe- 
nomenon involving the flowing of oil 
through a slender glass capillary or 
tube. When the tube is surrounded 
with water, the oil flows more slowly 
than when it is surrounded by air. 


Heavy Duty Sparkproof Cable 
POWER CABLE that will not spark 
when short circuited has recently been 
developed, according to the United 
States Rubber Co. The cable was 
jointly developed by Leonard Wilson, 
Kenilworth Mines, Utah, and U. S. 
Rubber Co. engineers. 

The new feature of this cable is a 
fine copper wire embedded between 
inner and outer layers of insulation. 
When the insulation is damaged the 
fine wire catches incipient current leak- 
age before an arc can occur and carries 
it to a sensitive circuit breaker that cuts 
off power. 

This cable will be initially used to 
reduce danger of explosions in coal 
mines. Cables carrying power to heavy 
digging and transportation equipment 
drag on the ground, and are in con- 
stant danger of being crushed by car 
wheels. 

Additional safety is 
new rubber formulation that makes 
possible colored insulation. U. S. Rub- 
ber has made heavy power cable, for 
mining application, with a highly vis- 
ible yellow color—a distinct advantage 
over the carbon-black cables now used. 
Another example of safety by color 


provided by a 


Plastics Engineers Establish 
Professional Grade Membership 
IN A MOVE to maintain high stand 
ards of membership, the executive 
committee of the Society of Plastics 
Engineers has established a Profes- 
sional Grade membership, predic. ited 
on 10 years of qualifying experience 
in the plastics industry. 

An applicant having a Ph. D. in 
science or engineering will be alloy ved 
seven years’ credit and will therefore 
need only three additional years o! 
qualifying experience to be eligible 
for a Professional Grade membership 
Similarly, candidates with an M.S 
B.S. degree will be credited with 
and four years, respectively. A | 
elor’s degree from a non-technical 
lege rates a two year exper! 
credit. 
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CAPABLE OF EXERTING 2,400,000 Ib of force, this hydraulic compression testing 
machine has been installed in Structural Research Lab. of University 


Rigid Compression Tester More Ac 


tet 
A HUGE, HYDRAULIC COMPRI 
TESTING MACHINE, with stec 
more rigid than heretofore 
giving the machine 

and making it more versatile, has been 
In il'ed and re ently 
Structural Research Laboratory, Uni 
versity of Washin t 


SION 
! 

| columns 

possible, 

greater accuracy 


t + +} 
tested al LIC 
eton at Seattle 
pecial flex-plate construction ties 
the sensitive yoke to the tran 


ngid Deam. 


verse 
There are three contacts 
the capsule, which 
as a ball bearing and has no 


een the two 


vertical stability; the initial load 
springs, which have no vertical sta 
bility; and the flex plates that provide 
practically mo vertical restraint but 
maximum horizontal rigidity 


Another feature which makes it pos 


sible to maintain the minimum toler 
an against horizontal deflections 
un load, to prevent premature 
DI ng Ol compression spe-imens 
and to neutralize horizontal compo 
nents of force, is flaring of the steel 
Columns from a point about one-third 
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of Washington. 


urate 

f the distance from the top to the 
base of the machine. This affords 
maximum rigidity or minimum defle 
tion when testing specimens so long 
that their height forces the columns 
to function as cantilever beams It 

asserted the machine will have from 
300 to 400 percent greater rigidity 
than machines of earlier design 

The university plans to dev the 
machine to various tests for the timber 
industry; to tesiing concrete culverts 


for the state highway depart 


$ l , I | ° { 
to work for Northwest indu 


The machine will 
sion and transverse testing 
for compression tests. f 
mens up to 10 ft wide 
and (for transverse testi 
long. It is called most ad: 
versal tester. 

The machine can exer! 
2,400,000 Ib, 1s 37 ft high 
300,000 pounds. It w 
University of Washingt 


l es 


| 


LOT 


ment, and 


ten 


as well as 


speci 


9 ft high 


nz) SO ft 


ed uni- 
a force of 
and weighs 
C n l by 
ind built by 


Baldwin Locomotive Works 
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MEETINGS 


May 31-June 5 

AMERICAN SOCIETÀ OF MI 
CHANICAL ENGINEERS——Semi-Annual 
Meeting, Hotel Schroeder, headquar- 
ters, Milwaukee, Wis. 


June 6-11 

SOCIETY OF AUTOMOTIVE ENGI 
NEERS Summer (Semi-Annual) 
Meeting, French Lick Springs, French 


Lick, Ind. 


June 14-18 


AMERICAN SOCIETY FOR ENGI 
NEERING EDUCATION— Annual Con 
vention, Austin, Texas. 

June 17-19 
AMERICAN SOCIETY .OF MI 


CHANICAL ENGINEER Applied Me 
chanics Division Meeting, Illinois In- 
stitute of Technology, Chicago, Ill. 


June 19 

AMERICAN MATHEMATICAL SO 
ciETY— Meeting, University of. Brit 
ish Columbia, Vancouver, B. ¢ 


21-25 


June 

AMERICAN SOCIETY FOR TESTING 
MATERIALS—Annual Meeting, Hotel 
Book-Cadillac, headquarters, Detroit, 
Mich. 


ELEC 
Gen- 
Mexico. 


INSTITUTE Ol 


summer 
City, 


AMERICAN 
TRICAI ENGINEERS 
eral Meeting, Mexico 


June 28-July 1 

AMERICAN ELECTROPLATERS SO- 
CciIETY— Annual Convention and In- 
dustrial Exposition, Ambassador Hotel 


and Convention Hall, Atlantic City, 
N. J. 
August 18-20 

SOCIETY OF AUTOMOTIVE ENGI 


NEERS— West Coast Meeting, St. 


Francis Hotel, San Francisco, Cal 


y= 


August 24-2 
AMERICAN [INSTITUTE OF 

TRICAL ENGINEERS—Pacifx 

Meeting, Spokane, Wash. 


ELEC 
General 


September 13-17 
INSTRUMENT SOCIETY OF AMERICA 
National Instrument Conference and 
Exhibit, Convention Hall, Phila- 
delphia, Pa. 


September 20-21 

AMERICAN SOCIETY OF MI 
CHANICAI ENGINEERS Aviation 
Division. Meeting, Dayton, Ohio 


September 20-24 
ILLUMINATING ENGINEERING SO- 


clETY—Annual Meeting, Hotel Statler, 
Boston, Mass. 
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Foreign Reports from McGraw-Hill 


A special machine tool made from six standard components, this five-head Renault 


miller-borer has a rotating positioning table. 
clearly 


transmission-differential housing can be 


Rib strengthening of the aluminum 


seen on units in the foreground. 


Standardized "Special" Machines Highlight Renault Retooling 


France’s nationalized Renault auto- 
mobile company (see PRODUCT ENGI- 
NEERING, December 1947, page 150) 
completed operations 


needed to start production of the 


has retooling 
new 
By standardiz 
ing machines to contain six basic units, 
22 designers, working with 15 drafts 
men, designed 

18 months 

The 


moto! 


19 hp rear-engine Car. 


00 special machines 


elements are: Three 
transfer slide, a rotat- 
pecial coolant pump, and 


mechanism 


standard 


units, a 


INC LAbDiC 4 ^5 


for halting functioning 
of certain tools around a rotating table 
while others continue to operate. After 
the sc SIX 


components were et, a new 


I 
machine design nceded only base, tool 


heads and control mechanism details. 

Further standardization was effected 
with the tool heads. Distance between 
and the sleeve face 


machines It 


the tip ol the too! 


same in all 
{ l 


1 
tools are spected during 


is the new 

production, 

the worker can set them without worry- 
l length 


in£ about clearance 
Most striking novelty, 


production 
ter machines 
Several of 


Wise, IS a series OT tran 


( peration on cast parts 


l 


ese parts, as the ed combined 


housing, 


illustra 
transmission differential are 
cast in aluminum 

Rough or semi-finished castings arc 
| bed which ts automatically 


hxed to a 
slide on the 


l ! te r 
moved along a transfe: 

1 I 
machine. The castings stop at several 
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stations where operations of drilling 

including step-by-step drilling—ream- 
ing, tapping, milling and slitting opera- 
tions are performed. As a casting moves 
forward to the next station, 
asting moves up automatically to 
take its place, the movement of the 
beds being controlled by toggles. At 
cach station, machine 
tools, each with one or more spindles, 


a sec ond 


two or more 


Operates on the 


casting 
The transfer 


machines are elec- 
trically controlled. The control block 
has a light for each head and each 
clamp position of the beds on the 
which winks when breakdown 

Special pins at the entry posi- 
tion that bed is entered 
properly on the slide Each machine 
can be stopped by depressing a single 
A separate motor beneath the 
entry position operates the slide and 
also operates the slide and also op- 
erates a link scraper that collects chips. 

Many of the new machines position 
the parts for the stations by rotation 
of the table. The table can be set to 
go through any series of positions, 
and these need not be in order. Among 
the 55 multiple head machines of this 
type, the number of stations 
from two to eight. 

A four-head drilling machine, for 
cylinder blocks, has 42 spindles, in- 
cluding 22 of nearly 3 in. diameter. 
Cylinder blocks are finished on a 12- 


slide. 
OCCUTS. 


insure each 


button. 


Varies 


World News 


station transfer machine with 22 posts 
Another cylinder block machine has 
four stations and six posts but carries 
160 tools—55 drills, 55 chamfering 
mills and reamers, and 50 taps. 

An oil pump machine has 12 sta. 
tions and 19 heads. One transfer 
machine performs all machining op. 
erations on the inlet manifold, a sec. 
ond the same for the exhaust 
manifold, and after they are bolted 
together, a third machine finishes the 
in half the time required for 
older methods. 


does 


two 


Hydromechanics Research 
Association Formed in G. B. 


Leading British manufacturers of 
hydraulic machinery have recently 
formed the British Hydromechanics 
Research Association to coordinate re. 
search activities of the several firms 
and to carry on cooperative research 
as well. 

For the present, the association will 
gather data on the types of problems 
confornting members and will make 
use of university and technical college 
laboratories for initial research. It 
will work in close cooperation with 
the newly established Mechanical 
Engineering. Research. Organization, a 
government-administered activity under 
the Department of Scientific and In 
dustrial Research, and will probably 
make extensive use of the MER hy. 
draulic machinery laboratory when it 
is completed. 

Association studies will mainly con 
cern liquid flow within enclosures. It 
will investigate possible improve: ents 
in design and performance ot turbines 
pumps, valves, heavy presses, and other 
hydraulic equipment. 


Electron-Microscope 


Developed by Dutch 


An electron-microscope ope:a 
100 kv, with continuously va 
magnification from 1,000 to 150,0 
times, has been developed recent 
N. V. Philip's Gloeilampenfab: 
Eindhoven, The Netherlands. 

A few hand turns of the fo 
system produces on the screen an 
tron diffraction pattern of a p 
the specimen that has been sel 

The microscope tube 
obliquely upward and has a 
i Details of the 

with an att 
magnifying lens. Micrograph 
duced about four times, can be 
mm film with a camer 
into the tube. 


iS di 


viewing screen. 
can be examined 
on 35 
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Fig. 1—All-steel housings machined and ready 


for assembly. 





Standardization of housing makes volume production possible 


Gear Motors Based on Unit Design 


Concentric and right angle shaft arrangements, for both vertical 
and horizontal driving or mountings, in all-motor and integral types 
are provided by designing motor gear reducers around a basic unit. 


W. P. 


Engineer, 


SCHMITTER 
Chiet Ihe Falk Corporation 
ANY OTHER standardized prod 
ie selection of a gear motor ot 
specially engineered drive can be justi 
ied only when it does as good a job 
needs 
Preciable cost penalty. 


and satisfies the without ap 


That the de- 


vel - e 
velopment of a line of standard gear 
motors and speed reducers presents 


probl ns that call for the exercise of 


sound judgment is apparent from the 
wide varying requirements that must 
em At least 14 factors, each pre- 
enting 2 to 4 variations, are involved. 
Until recently it was believed that 
ie d nands ot the field necessitated 
sepa lines of single, double and 

) 
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triple reduction units for both hori 
zontal and vertical operation. Falk 
made twelve different types of Mo 

for each size; to obtain 
them, seven distinct and separate hous- 
ings had to be manufactured. More 
over, these were supplemented by a 


toreducers 


paralleling line of speed reducers con- 
sisting of twelve different types for 
each size. The manufacturing prob 
encountered were 
surmountable proportions 

These observations, grouped under 
their natural headings of direct costs, 
indirect and market 
acceptability, led to some conclusions 
of an objective nature: 

1. Drastically reduce the number of 
different parts in order to get higher 


lems reaching in 


costs, deliveries 


production runs, decrease stocks, and 


improve deliveries. 


) 


2. Increase the volume of standard 
units and decrease the specials. 

3. Provide the machine 
jigs, and stream 
lined production. 


i. Reduce handling, trucking, wait 


best of 


tools. fixtures for 


ing time, and such other indirect costs 
as contribute to high overhead. 

5. Bring more of the materials man 
ufactured into our own plant 

6. Improve performance of the 
product so as to obtain wider cus 
tomer preterence. 

With rapidly rising labor costs, in 
creased ratios of indirect to direct 
labor, and high break-even point, it 


became increasingly evident that the 


J1 
AJ 








Fig. 2 


ing structure 


only alternative to increased prices was 
marked manufacture. 
The clear cut nature of the objectives 
contained in the analytical judgment 
precluded possibility of attaining them 
without a complete redesign. 

The first step in the development of 
the new line came up almost prov- 
identially. A radically new type of 
welded steel housing was conceived 
by president Harold S. Falk and in 
startling advantages it 
adopted. It 


economies in 


view of the 
possessed Was quickly 
struck the keynote for the entire de- 
velopment unit and better 
engineered for manufacture. The new 
housing, Fig. 1, 
portion 


a stronger 


arc hed 
two 


consists of an 
extending 
heavy end-plates having sloping sides, 
a bottom plate with pads, all machine- 
form a structure 
strength. 

met the dc 
streamlining. 


COVCI over 


together to 
of great rigidity and 

The welded 
mand of the public for 
Cast housings could 
streamlined by ribbing the 
but internal made it 
difficult to clean out the 
Ther always the hazard of 


sion of gears and 


welde d 


housing 


only be 
interiors, 
extremely 
sand. 
abra- 
sand 


gear 


ribs 
core 
was 
bearings by 
particles, in spite of the extra costs of 
new steel hous 
streamlined in 


special cleaning. The 
ing was the answer, 
as outside. 

advantage of the 


45 well 


side 

Another welded 
housing is that it contains no hidden 
defects shat might show up only after 
considerable processing has been put 
into the job, as sometimes happens 
Thus scrap and salvage 


Moreover, the 


with castings. 


costs” are reduced 
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Main gear set remains unchanged for all ratios. 
carries radial and thrust loads on bearings. 


Allmotor 


Right angle 
Output shattatany angle 


Support- 


welded housing annually brings thou- 
sands of tons of raw material into our 
own shops instead of semi-finished 
parts. Thereby we can control avail- 
ability of the formerly purchased semi- 
finished parts, the housings, produc- 
ing them at the rate required from the 
raw material in stock. 

The second concept was that of a 
unit comprising the main 
' the transmission and de 
signed to permit subsequent attach- 
ments that would satisfy the various 
field requirements. The basic unit as 
shown in Fig. 2, could be preassembled 

quantities and stocked. 

Much effort was expended in the 
attempt to extend the 
standard lines. It was found possible 
to obtain a degree of universality and 
adaptability far beyond that previously 
considered 


SC Ope of 


basic cost 


elements of 


scope of the 


fe asible. 
application and taking in 
more of the fringe areas held out the 
promise of increased standard unit 
production, while at the same time de- 
creasing the number of specials and 
the problems attendant thereto. 

Designers scale models as 
were particularly helpful 

All of the combinations 


shown 
in Fig. 3, 
in this effort. 
shown and several others were adopted 
for the new line. The line 
in that it exclusively provides for all- 
motor and integral types of Motore- 
ducers in concentric and right angle 
shaft arrangements, and for vertical 
and horizontal driving or mountings. 
All of these variations are had with- 
out modifying the stock unit 
from which they are derived. 


1S unique 


basic 


industrial gear transmissions. 


Projecting the 


The 


Vertical 


Fig. 3—Basic unit principle is used to meet broad requirements 


verticals require only the application 
of a circular mounting ring and mer- 
cury oil seal to the standard horizontal 
unit. The right angle, Fig. 4, 
its unique feature of providing hori 
zontal, vertical or any angle drives, 
is obtained by the addition of a sim 
ple one piece head carrying à T" 
bevel gear reduction of advanced « 
sign; its space saving possibilities in 
mounting make it particularly attr 
tive where head room or aisle space 
premium. The gear-belt Mo- 
toreducer similar features 
plus the flexibility of the V-belt. A ful- 
crumed overhead motor with sheaves 
and belts fitted to the basic unit com- 
plete the drive. 

A Motoreducer with steplessly vari 
able speeds, either with or without two 
speed head for extended range is in- 
cluded in the line. The outstanding 
feature of the new multi-speed head 
is that the speed change is tained 
under load 


without the 
shifting element. 


with 


IS at 
possesses 


need ol 
The ratio of ratios 
ranges from unity up to six. 

features appeared to 
meet the needs of the field far | 
than had been possible with individ 
designs. The universality of the 
gearmotor demonstrates that d 

can be directed toward sales and 


attain. other essential objectives 


These various 


DRASTIC REDUCTION IN PARI 


Thirdly, came the conviction 
we must exploit the possibilitic 
simplification. and. standardizatio: 
beyond any previous attempts. 

The basic unit approach rc 
ENGINEERING 


Pnopuci JUNE, 


The designer's scale models sho 


some 
attain 








S 








Stepless variation 





Extended beo ring 


Variable speed 


sme of the shaft arrangements and mountings that are easily 
attained without modifying the stock basic 





Outboard bearing 





Slide base 


unit. In addition 


reducer 


Ceiling rnount 





Multi -speed 





V-belt 


variable motor positiorn 





Wall mount 


to the combinations shown here a number of other special types 
were developed for the new line, but not put into production. 


" 


à 





Fig. 4—Right angle drive is made by attaching bevel gear head to standard — Fig. 5—Four stage reduction unit. Ratios up to 
reducer. Cutaway of test unit shows gears and the bearing mountings. 1000 to 


the Motoreducer housings from seven 
to one. Extended studies of the gear 
elements were eventually rewarded by 
a reduction to less than half those pre 
viously required. 

Early in the deliberations the de 
cision was reached to eventually drop 
the overlapping portion of the exist- 
ing speed reducer lines and to meet 
those needs will all-steel reducers de- 
tived from the basic unit. The effect 
on inventories was staggering. One 
housing replaced nineteen. In place of 
the 164 gears formerly stocked, 22 
now meet all the varied requirements 

55 than one-seventh of the former 


) ` ) 
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quantity. These figures include pro 
vision for the right angles and the 
new quadruple reduction with ratios 
up to 1,500 to 1—five times the range 
of the old line. 

Equally intensive study was given 
to the subject of motor brackets. These 
had previously been designed as part of 
the housing, either integral with or 
bolted thereon. This was abandoned 
in favor of a new plan whereby a 
bracket was provided for each motor 
frame regardless of the size of unit 
on which it would be used. Expensive 
and unsightly packing blocks were 
eliminated, the mounting greatly im- 


Oh ee 


1 are available with all standard gears. 


proved, and the total number of 
brackets reduced from 18 to 11. These 
could now be jig-drilled to NEMA 
dimensions, avoiding the need for 
drilling in assembly. 


ENGINEERED FOR MANUFACTURI 


The fourth step was engineering for 
manufacture. This starts with design 
but is in no wise limited thereto. 

At Falk this activity is handled by 
a separate department headed by the 
supervisor of development. His staff 


includes project engineers and the 


necessary assisting designers, detailers, 
and technicians. Responsibilities. are 
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NS wl 


Ws 
S 


d, 


Fig. 6 


ESY LL EE LL 


not limited to any phase ot the op 
erations but include everything down 
to final But so important a 
venture as the redesign of a major 
product seemed to justify supplement 
ing the usual channels with a highly 
experienced and capable general fore 
man functioning 1n a liaison capacity. 


Weekly meetings with all department 


testing. 


foremen were a source of continuing 
guidance 
To obtain 


facturing 


manu- 
must be 


the optimum in 
methods, design 
fixtures, jigs, machine 
even machinery layout. 
When a product is designed with the 
necessary consideration given to the 
tooling, a made be- 
which is 
Here 
line 


correlate d to 


tools, and 


choice may be 


ween alternatives. either of 


st adapted to 
the tool 
importance 

TI] ; am 


the lat 


manulacturc 


engineer assumes frst 
included provision for 
adapted machine 
nent; multiple spindle drill 
apping, automatic and semi- 
lathes, etc. Consideration 

the problem of chucking had an 
mportant bearing on the decision as 


whether blanks 


st and best 
tool equi 
and 
automati 


ing 


gear would be 
ged OI cast 
An example of designing to meet 
the needs of the shop is illustrated in 


Fig. 6. The 


enterprece 


former cast iron 


is shown to the 


head 
left; 


] 56 


In new design, cast head and centerpiece were replaced 
with stronger and lighter welded steel head and bearing plate. 





g 


Horsepower ratin 
O 


Second 


| | , 
gh speed shaft 


\_- Low speed shaft 


-Í 
- t 


reduction 


gearing 


First reduction’ 


Fig. 


the re-engineered steel head and bear 
ing plate is shown to the right. The 
redesign is not only stronger and 
lighter, but greater precision is also 
attained. The earlier design necessi- 
tated separate machining of the two 
elements. The new permits complete 
turning, facing and boring of the as- 
sembled structure in a turret lathe. 
Higher order of accuracy attained is 
very important, the main 
contact 


since 
is involved. 

The most spectacular of the new 
machining processes relates to the all- 
steel housing. Except for drilling and 
pre-milling the entire job is done on 
one machine, at one setting in two- 
thirds the previous time. The im- 
proved accuracy manifested itself in 
the superior operation of the Motore- 
ducer on the test stand. 


gear 


INFLUENCES OF PRODUCT DESIGN 


One thing that cost figures do not 
reflect is the savings in overhead when 
fewer different machines are used in 
producing the part. Overhead items 
such as trucking, handling, job card 
writing, routine, set-up, supervision, 
and even inspection costs are mate- 
rially reduced. Further, although per- 
haps even less tangible, savings arise 
from the fact that the production flow 
may be paced to demand, permitting 
sharp reductions in inventory without 


gearing 


7—Horsepower rating for double reduction unit with a 


1750 rpm motor. Lowest curve for a ratio determines rating. 


adversely affecting delivery schedules 

Only too often little recognition i5 
given to the possibility of saving many 
minutes all along the line by giving 
painstaking attention to minor de- 
tails. For instance, a change 
blind tapped holes to through-drilled 
and tapped holes was made possible 
by using the new self-sealing studs; 
the use of modern deburring tools 
eliminated hand deburring in assem 
bly; the application of plastic coating 
to gears and pinions for protection 
while in transit and storage in 
shop, prevented their damage. Many 
similar details could be cited 

Most important of all, the product 
had to be improved so that it would 
merit the widest possible 
acceptance, with the hope that a ma 
terial increase in volume would be 
tained. The way had been shown 
the very beginning of the developm 
stage with the adoption of the 
steel concept. Strength and accura 
were to be the qualities sought throu 
out. But this matter must be 
proached with intelligence and pr! 
dence. How much of the savings sho 
be put back into the product? 

Any line of units which has 
meet a large variety of conditions, | 
ticularly with respect to ratio deman 
must be engineered so that the 
rious component parts not only h 


trom 


the 


customer 
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sufficient capacity to withstand the 
yads encountered, but must, in ad- 
dition, present a reasonable balance 


in capacities. Any marked excess of 
strength which cannot be utilized to 
idvantage by the purchaser in the 
normal life of a reducer is sheer waste 
and must come out of the manufac- 
turer's profits. Therefore, the designer 
attempts to obtain approximately equal 
ratings in the various component parts. 
The curves in Fig. 7 illustrate this. 

It is impossible for the strength and 
durability of the various elements to 
coincide exactly as in the case of the 
traditional “one horse shay”. Indeed, 
the shafts and should be de- 
signed to stand up under a severe jam 
or accidental overload. Except for 
these considerations, determination of 
the proportion of parts is primarily 
an economic procedure. 

Speed reducers or Motoreducers are 
ordinarily manufactured with low 
speed shaft and bearings adequate to 
take a certain amount of extraneous 
loading resulting from sprockets, pul- 


gears 


leys or gears. Ordinarily overhung 
loads are computed and checked 


igainst the listed allowables. In the 


redesign of the large Falk Motore 
ducer the shaft sizes were increased, 
which together with larger bearings, 


made it possible to apply sprockets 
having diameters only 23 times that 
of the shaft, which virtually obviates 
the necessity for computing the load 
when quoting on an inquiry. Making 


it easy to sell by dispensing with the 


need for engineering computations 
looked like good sense. Also the 
added strength gave assurance that 


breakdowns caused by misapplication 


will be minimized 


GEAR ELEMENTS 
MAJOR CONSIDERATION 


As is well known, the strength of 
gearing and also its durability 
pendent upon hardness. It is a 


Is de 
mat 


ter of discretion for the designer, 
however, determine which partic 
ular hardness is best suited for thc 
design at hand, giving proper weight 
to both performance and manufac 
turing cost. The allowable loading 
on an untreated carbon steel gear is 
relatively low; while at the other ex 
treme of the range, a case hardened 


set has a high allowable loading. Un 
ted gears are excessively large and 
expensive, while full-hardened gears 
must be heated and quenched afte: 
ng and are, therefore, subject to 
un residual errors. A good solu 


tion is obtained with steels heat-treated 
to 1 hardness that permits cutting sub- 
sequent to heat-treating albeit at re- 
duced speeds and feeds. 

sed upon past experiences and 
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tests of gearing of all ranges of hard- 


ness, a chrome-manganese-moly 
minimum of 
was selected. 


shoc k 


the gears and 
the pinions 

ductility and resistance is 
Furthermore, 


ment of tooth contacts in case of mal 
alignment of the gear elements. 


engineers that these 


steel 
heat-treated to a minimum of 285 for 
335 for 
Excellent 
ob- 
tained at this hardness with alloy steel. 
the material retains suf- 
ficient plasticity for corrective adjust- 


It was 
the considered judgmeni of the Falk 
advantages offset 


any slight advantage that might be ob 


tained in the way of apparent 
costs for gears hé 

By virtue of 
shown in Fig. 


ing supports to a 


the design, 


common 





lower 
.rdened after cutting. 
which as 
8 limited mating bear- 


structure, 


high precision, reflected in quietness, 
absence of vibration, optimum devel. 
opment of tooth contact, and maximum 
load carrying ability was achieved. 

Product engineering is an integrated 
technological endeavor that is funda- 
mentally economic and commercial. It 
establishes the base of operations for 
the life of the design, determines not 
only direct and market accept- 
ability, but influences in major de- 
gree, shop procedure, deliveries, inven- 
tories, Overhead and profits. Intelligent 
and realistic product engineering leads 

highly beneficial results when car- 
ried on as an integrated and corre- 
lated program that draws upon all of 
the technological resources of a com- 
pany. 


COSTS 
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Fig. 8—The all-steel construction provides stiffness on the inside as well as the out- 


side. 


Main gear elements are bench assembled in precision bored supporting structure. 





Fig. 9—Cutaway 


view of triple 


eee 


reduction test unit with 


integral-mounted motor. 
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Percent addition 


Curie temperature of various binary nickel base alloys is 
shown as a function of the percent of the alloying metal added. 
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Curie temperature and saturation as affected by nickel 
content in the iron-nickel alloys. These are the important alloys 


Curie Temperature Alloys 


Explanation of this magnetic characteristic, with data on many alloys. Sug- 


JOHN SHAW 


Research and Development Department 
International Nickel Company, Inc. 


TEMPERATURE SENSITIVE magnetic al- 
loys offer many desirable properties 
that have not been widely utilized by 
heretofore. How- 
ever, these alloys have been used ex 
tensively in several applications, com- 
bining with improved per 


design engineers 


economy 
rormance 
Magnetic materials become non- 
magnetic if they are heated above a 
temperature known as the Curie tem- 
The Curie temperature of 
nickel is 353 C; of iron 768 C; and 
of cobalt 1,120 C. The addition of 
a nonmagnetic element, forming a solid 
solution with one of the foregoing 
elements, lowers the Curie tempera- 
ture. By this method it is possible 
to produce magnetic material having 
any desired Curie temperature between 
1,120 C and absolute zero. The Curie 
temperature of binary nickel base al- 


pe ratur 
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gestions for applying the property in mechanical and electrical components. 





loys as a function of percent addition 
is shown in Fig. 1.* It will be observed 
that addition of more than 5 percent 
Si has no effect since this 1s the limit 
of solid solubility under the condi- 
tions of the experiments. Nickel-iron 
alloys are especially important, par- 
ticularly between 29.5 percent and 36 
percent nickel content. Curie temper- 
ature and saturation versus nickel con- 
tent for these Ni-Fe alloys is shown in 
Fig. 2 and will be discussed later. 

In engineering devices the Curie 
temperature of the material selected 
is important in four types of applica- 
tions: 

1. For devices that require strong 
magnetic properties, the Curie tempera- 
ture must be well above the highest 
temperature at which the device will 
be expected to operate. This is true 
in units such as motors, generators, 
transformers, relays, and permanent 


magnets. 

2. A nonmagnetic alloy having 
strength and other desirable proper- 
ties of nickel or iron alloys may be 








PnRopuci 


ray tubes, 


required, as in cathode 
mass spectrometers, armature retaining 


bands, compass housings, parts of mag: 


netic chucks, transformer bushings 
cable sheathing, and certain oil well 
tools. Here the Curie temperature 
must be below the lowest operating 
temperature. These alloys include 3 
percent Ni-Cu, 20 percent Cr—8l 


percent Ni, annealed 18 percent Cr 
8 percent Ni steel (if cold work 1s 
involved 18 percent Cr—12 percent 
Ni steel, or better still, 25 percent Cr 
20 percent Ni steel is required). 
"K" Monel*, Inconel*, "326" Monel* 
and various cast alloys of the aus 
tenitic or Ni-Resist* types. Fig. ) 
shows the permeability of severa 
wrought alloys as a function of tem: 
perature. Equipment in high flying 
aircraft often gets as cold as —50 ©, 
but in many applications material hav 
ing a permeability below 1.1 at room 
temperature is suitable as a "nonmag 


netic” component. 
It should be noted that the curves 
* Reg. U. S. Pat. Office, International Nickel í I 
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Showing the permeability of 


shown in Fig. 3, when carried to 
higher temperatures, never Cross the 
zero axis, but arc nptotic to it. This 


has given rise to many arguments 


about just what is the Curie tempera- 
ture of a given alloy. At times engi- 
neers have set an arbitrary perme- 
al as the “nonmagnetic” point, 


and any material with a lower perme 


ability is considered nonmagnetic. 
Thus for "326" Monel one engineer 
might consider u 1.01 as his limit 
and call the "Curie point" 80 C. A 
permeability of 1.1 might be suitable 
for another ap plication, so here the 
Curie point" would be —10 C, or 
0 C removed from the first example. 
In practice, it has been found that the 


mos itisfactory way to define the 
Cur temperature is to extrapolate the 
urve to zero. This is done on a 


I - ° ° 
near plot of saturation magnetiza- 
don versus temperature with a straight 


line ingent to the steepest portion of 
the curve. The data shown here are 
obtained in this manner. 

3. It may be desirable to pass 
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reaching the Curie temperature this 
effect is no longer present, and at 


higher temperatures the alloy expands 
like normal metals. Fig. 4* shows 
how an alloy of nickel, iron, and co- 
balt matches one type of hard glass. 
Other glasses require different alloys 
having a proper expansion and Curie 
temperature. 

4. This type of application is one 
that utilizes the change in magnetic 
properties with temperature. Hence, 
the operating range of the device will 
be slightly the Curie tempera- 
ture. The remainder of this article 
will be concerned with this applica- 
tion, as this is perhaps the least known 
of the four, yet has most design pos- 
sibilities. 


below 


Alloys having low Curie tempera 
tures are useful for temperature com 
pensation, temperature control, and 
temperature measurement. Tempera 
ture compensation of instruments 1s 
the most widely the three 
Control and measurement through the 
use of this effect are attractive 
bilities but have been developed 
fully, probably because other methods 
became est tablished before the Curie 
temperature method was proposed. 


used of 


poss! 


not 


Most of our electrical measuring in- 
struments depend upon a constant 
magnetic flux in an air gap for ac- 


curacy. Proper stabilization of the 
permanent magnet will insure against 
loss of magnetism from aging and 


moderate mechanical shocks. But there 
still remains a reversible variation of 
magnetization with temperature. In 
the laboratory, where the temperature 
variation is not large and convenience 


not essential, the meter can be cali- 
brated for a range of temperatures 


and suitable corrections applied by use 
of a chart. Generally this is not feasi- 
ble, notably in the automobile speed 
and the watt-hour meter; 
compensation for tempera- 
sometimes it 1S 
not only for 


ometer 
therefore 
ture error 1s required. 


desirable to compensate 
| 
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the variation of the permanent magnet 
but also for other temperature errors 
caused by the change in resistance of 
| winding or drag disk 

A magnetic material 
ts magnetic properties abruptly at the 
Curie temperature, but as the Curie 
temperature is approached, the satura- 
decreases in the manner 


does not lose 


tion value 
This curve is char- 
ferro-magnetic mate 


shown in Fig. 5 
acteristi of all 
rials and hence has been plotted on a 
If the Curie temperature 
saturation magnetization of a 


init. basis 
and the 
metal at a single temperature, but pre 
at O Absolute, are known, the 
magnetization at any tem- 
perature can be readily estimated. 
The variation of permeability with 
temperature is morc complex than the 


ferably 
saturation 


hange in saturation value, because it 
Is dependent upon the applied mag 
field, material and 


neti conc erned, 
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Fig. 5 
netic materials showing decrease in satura- 
tion with approach to Curie temperature. 
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Fig. 6—Permeability of annealed 
increases with temperature in low 
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Characteristic curve for ferro-mag- 








previous heat-treatment or cold work. 
In most applications it is desired to 
have the permeability decrease with an 
increase in temperature. To secure this 
effect it is necessary that the field be 
adequate to saturate the material. 
Usually a field of 50 oersteds is suffi- 
cient for the commonly used compen- 
sator materials. If only a weak field 
is available a 12.5 percent Mo—80 
percent Ni, balance Fe alloy, which 


will saturate in a low field, can be 
used. Occasionally, it might be de- 


sirable to have 


bility with increasing temperature. In 
this case a weak field would be used 
with nickel or a nickel-iron, as Fig. 
6? shows. 

Powder permalloy cores can be com- 


an mcreasing permea- 


pensated for temperature effe 
the addition of the proper amount o 
12.5 percent Mo—80 percent Ni —7: 
percent Fe alloy powder. This allo 
has a Curie temperature of 40 C, an 
its permeability changes from 9.0 
to 1 over the room temperature range 
The most widely used alloy f 
temperature compensation is a 3 per 
cent Ni-Fe having a Curie point ¢ 
about 150 C. Nickel-copper alloy 
(approximately 15 percent € s 
percent Ni and also 2.2 percent 1 
percent Cu—balance Ni) are als 
used. These and several other usef 
alloy systems are shown in Figs. 7° an 
8. They have been plotted as s 
tion at O Absolute against Curie ten 
perature, the alloy composition bein; 
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Graph for comparison of the saturation of several 
alloys. Can be used to select an appropriate alloy or to determine a Curie tem] 
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indicated along the curve. This is a 
useful method of comparing different 
alloys with the same Curie tempera- 
ture. 

The designer will find these charts 
valuable in either of two ways: (1) 
If material with a certain flux density 
at a specified temperature is required, 
it can be selected from a curve that 
crosses the desired graph values. (2) 
If a given alloy is to be used, its satu- 
ration flux density is shown through- 
out a wide temperature range. Aside 
from specific values at various tem- 
xeratures, the curves indicate whether 
the alloy has proper temperature 
sensitivity for application in mind. 
Fig. 9 is the permeability curve 


of the 30 percent Ni-Fe over a tem- 
perature range. The slope of this 
curve can be varied by heat-treatment 
or by cold work, and in this way it is 
possible to cause the resultant flux in 
the air gap of a magnet to remain 
constant over a range of temperature. 
It is also possible to cause the flux to 
rise or fall if so desired. Fig. 10 
demonstrates how this is accomplished 
when a permanent magnet is shunted 
by a temperature sensitive alloy. Thus, 
instruments can be temperature com- 
pensated not only for a changing 
permanent magnet, but also for resist- 
ance changes caused by temperature. 
Watt-hour meters, particularly those 
placed outdoors, are subject to a wide 
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Comparing the saturation of alloys of nickel with manganese and copper. 
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Fig. 10— Three possibilities for varying the magnetic flux in an air gap with tempera- 
ture change. Curie temperature alloys can be selected to regulate air gap flux as desired. 
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range of temperature. The mechanism 
of the meter is essentially a small 
motor associated with an eddy current 
drag disk and geared to a counter. 
The driving torque is proportional to 
the power consumed by the load, 
while a counter torque proportional to 
speed is set up in the drag disk by 
eddy currents induced by the perma- 
nent magnets. Therefore, each revo- 
lution of the armature represents a 
fixed amount of energy and the gear 
train records this in kilowatt hours. 
As the temperature of the meter 
changes, the resistance of the drag 
disk, the permanent magnet strength, 
and the resistance of the potential 
circuit, all change. The composite 
temperature characteristic of the in- 
strument is corrected by a suitable 
variable permeability shunt, Fig. 11, 
as previously described. 

A similar application is made to 
the speedometer or “drag” tachometer, 
Fig. 12. Here, a permanent magnet 
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Fig. 9—Permeability curves of 30 percent 
nickel-iron and 30 percent copper-nickel 
alloys over the—60 C to 70 C range. 


Temperature 
compensating shunt 





Fig. 11—A strip of temperature sensitive 
alloy is shunted across the poles of the 
horseshoe magnet to compensate for per- 
meability changes caused by temperature 
variation. Shown here a watt-hour meter. 
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A.C. Division, General Motora 
Fig. 12—The speedometer is a “drag” tachometer that requires temperature compensation of the magnet. (Left) Cross-section of 
speedometer shows construction. (Right) Magnet and compensator shunt. The compensator modifies flux flow in its vicinity. 
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Fig. 13—Temperature effects on magnet strength and eddy current in the aluminum speed cup are corrected by the improved 
permeability of the compensator shunt as temperature increases. This correction is essential to maintain speedometer calibration. 
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Fig. 14—Automobile voltage regulator compensation to correct the coil magnetism changes caused by the engine heat. 












the increase in resistance of the 


is rotated close to a conducting non- 
magnetic disk or cup. The eddy cur- 
rents induced in the disk produce a 
torque proportional to the speed of 
the rotating permanent magnet. Ro- 
tation of the disk is restrained by a 
hait device can be 


spring so the 


alibrated in mph or rpm, as desired. 
l emperaturc 
changing strength of the magnet and 
changing resistance of the disk. 


errors arise because of 


For 
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example, a speedometer on an auto of 


mobile travelling 60 mph, reading 


correctly on a winter day, (0 F) 
would read 42 mph on the hot desert 
(120 F). A magnetic shunt, Fig. 13, 


as in the watt-hour meter, is designed 
to compensate for both of these effects. 

In a similar manner, it is possible 
to shunt a portion of the flux from 
an electromagnet, thereby compensa- 


ting for reduced flux density because 








W inding with temperature. [ his 


scheme is used in automobile voltage 
regulators where the regulator is neat 
the engine and subject to temperatures 
through a í0 C to 100 C range. 


The compensated material is mounted 


at the end of the magnet core ind 
in contact with the armature return 


path, Fig. 14. 
the compensator alloy shunts 


At low temperatures 
yme 
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Fig. 15—Temperature compensator shunt is silver brazed to the 8 pole rotor. This 
tachometer is a dynamo having output voltage proportional to rpm of the shaft. 
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Fig. 16—Temperature sensitive transformer has possibilities for a more even heat 
regulation, through control of permeability and saturation of the core of the secondary. 
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fux through this circuit, reducing that 
through the relay armature. For this 


service, an alloy having a slightly 
ugher Curie temperature than that 


for meter compensation is re- 
juired so that a 32.5 percent Ni-Fe 
is employed. 

Àn instrument made by the Weston 


Instrument Company for accurately in- 
licating the speed of rotating ma- 
hincry is the electrical tachometer. 
PRopvcr ENGINEERING Jur, 1945 


Temperature Sensitive Reactor 


V/ N | 3 









Temperature sensitive reactors made with desired reactance characteristic. 


a small dynamo that is con- 
structed in such a way that the output 
voltage is proportional to rpm of the 
shaft. The armature is a cylindrical 
permanent magnet, magnetized to 
have eight salient poles. A disk of 30 
percent Ni-Fe is placed at the end of 
the cylinder, Fig. 15, to keep the flux 
from the magnet constant over a tem- 
perature range. 

Temperature control of rooms or 


This is 


ovens can be accomplished by using a 
bar of low Curie point material as the 
armature of a contactor. The contactor 
assembly is placed on the surface or 
within the volume of the oven to be 
controlled. At a predetermined tem- 
perature, the armature will become 
nonmagnetic, thereby opening the con- 
tactor and shutting off the power. 
Some adjustment of the operating tem- 
perature can be secured by changing 
the spring tension on the armature. 
If a greatly different temperature is 
required, the armature material must 
be changed. One objection to this 
device is the "on-off'" nature of heat- 
ing, which applies equally well to 
other temperature controls. 

A method of circumventing the 
on-off heating effect, and incidentally, 
one of the few methods of smooth 
heat control, is to make one leg of a 
transformer core of an alloy having 
the desired Curie temperature as 
shown in Fig. 16. The transformer is 
placed within the region to be con- 
trolled and the secondary connected 
to the heater element. A capacitor 
is placed in series with the primary 
to obtain a rising impedance curve. 
As the temperature of the vessel in- 
creases, the permeability and satura- 
tion of the core decreases; thus less 
power is transferred to the secondary. 
In addition, the impedance of the 
input circuit is increasing, accentu- 
ating this effect. An equilibrium value 
will be reached where the heat loss 
of the vessel is just equal to the 
power supplied to the heater. Where 
it is necessary to control large amounts 
of power, a magnetic amplifier might 
be used in conjunction with this device. 
In the same way a temperature sensi- 


tive reactor, Fig. 17, can be con- 
structed. In combination with a 


capacitor it is possible to have a 
rising or falling reactance character- 
istic or to pass through resonance at 
desired temperatures. 
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Thickness Standards for Cadmium Electroplate 


GEORGE BLACK 





THE VALUE of cadmium plated coat ous aluminum alloys made them the steel shapes set in concrete, etc. Cad- 
ng was completely demonstrated dur standard for steel, brass and bronze mium is easily and rapidly applied 
ng the war. years. Their high resist- parts used in aircraft. Their excel- with a minimum of “controls.” Spec- 


ince to atmospheric corrosion, and lent resistance to alkalis has made them ifications. are. listed. of. thickness re- 


heir similarity in potential to the vari invaluable for washing-machine parts, quirements for commercial deposition 
[ 


|. AMERICAN SOCIETY FOR TESTING 3. AERONAUTICAL MATERIAL SPECIFICATION 
MATERIALS 
Designation: AMS 2400 E 
Designation: ASTM A165 40 T Prepared by the Society of Automotive Engineers | 
Prepared jointly by American Electroplaters’ Society, 
National Bureau of Standards and the American Society 


Tvpe " "kness, ý 

for Testing Materials ype Thickness, in | 

Type Minimum thickness, in. For general purpose 0. 0003-0. 0005 

For threaded sections 0.0002 min. 
NX... ; 0.0005 
0. S 0.0003 Note 1: To specify any thickness other than the general purpose 
2 E and threaded section designations listed above, add a 
Ls 0.00015 suffix number that indicates the minirmnum thickness 
E desired. 
Note 1: The designations ''N"', '*'O" and '*'T" were chosen arbi- Ex le 
bitrarily; ‘‘S’’ stands for steel base. — 


Note 2. These thicknesses refer to significant surfaces only, AMS 2400-1 indicates thickness between 
which are defined as surfaces that are visible and sub- 0.0001 and 0 0003. . 
jected to wear or corrosion, or both. It is recommended AMS 2400-6 indicates thickness between 
that these surfaces be designated on blueprints. 0.0006 and 0.0008. 


< N LA MA Note 2: Tol ce of plus 0.0002 in. is sidered standard. 
2 ARMY-NAVY AERONAUTICAL ote olerance of plus in. is considered standar 


Note 3: Threaded surfaces may be 0.0001 in. under minimum. 


Designation: AN-P-61-2 Note 4: No requirements are established for holes, recesses and 
ne other areas where a controlled deposit cannot be obtained 
under normal plating practices. 
| Type Minimum thickness, in. 
| 
J| NAVY ;p TMENT 
General purpose - 0.0003 í. NAVY DEPARTMENT 
i Designation: 46-P-1 
Threaded areas. i 0.0002 
Bolts, nuts, studs, etc., the major Type Minimum thickness, in. 
| portion of which is threaded 0.0002 
| : General purpose 0.0005 
I| Note 1: No requirements are established for holes, recesses and 
cdi other areas where a controlled deposit cannot be obtained Parts threaded externally 0 0002 


under normal plating practices. 
Note 2: Thicknesses listed are ‘‘final thicknesses”, as determined 
after passivating, corrosion inhibiting and/or paint Note: Thickness requirements shall be met on smooth surfaces 
adherence treatments have been concluded. which constitute neither decided prominences nor recesses, 
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Thickness Standards for Zinc Electroplate 


GEORGE BLACK 


ZINC was one of the most used plated 
coatings during the war for protection 
against corrosion. In general, zinc 
plate protects steel against corrosion 
as well as cadmium plate, but forms 
bulky white corrosion products more 


readily. 


corrosive 


1. AMERICAN SOCIETY FOR TESTING 
MATERIALS 


Designation: ASTM A 164-40T 

(Prepared jointly by the American Electroplaters’ Society, 
the National Bureau of Standards and the American Society 
for Testing Materials 


Type Minimum thickness, in. 
G: S.. 0.001 
| ae: 0.0005 
R. S. 0.00015 


Note 1: The designations ‘‘G’’, ‘‘L’’ and ‘‘R”’ were chosen arbi- 

b trarily and ''S" stands for steel base metal. 

Note 2: These thickness refer to significant surfaces only, which 
are defined as surfaces which are visible and subjected 
to wear or corrosion, or both. It is recommended that 
these surfaces be designated as blueprints. 


2. ARMY-NAVY AERONAUTICAL 


AN-P-32a 
Approved by joint action of the War and Navy Depart- 
ments 


Designation: 


Type Minimum thickness, in. 


General purpose 0.0005 
Externally threaded portions of 
articles and items such as bolts, nuts, 
Studs, etc., having the major portions 


externally threaded. 0.0002 


External parts of seaplanes or am 
phibians. . 0.0010 
N 1: No requirements are established for holes, recesses and 


other areas where a controlled deposit cannot be obtained 
under normal plating conditions. 

2: Thicknesses listed are ‘‘final thicknesses’’, as determined 
after passivating, corrosion inhibiting and/or paint 
adherence treatments have been concluded. 
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y. Zinc is anodic to aluminum 
and its alloys and electroplated zinc less 
protects the base metal under certain 
conditions. 
other metals are plated over the zinc, 
the plate may crack or peel. Zinc 


plating is used on parts where the 
expensive dipping techniques 
would not give the proper coating. 
Listed are the specifications now ex- 
istant which cover thickness require- 
ments for commercial deposition 


However, if 


3. AERONAUTICAL MATERIAL SPECIFICATION 


Designation: AMS 2402B 
Prepared by the Society of Automotive Engineers 


Type Thickness, in. 


General purpose 0.0005-0.0007 


Note 1: To specify other plate thickness, add a suffix number 
designating the minimum thickness in thousandths of 
an inch. A plus tolerance of 0.0002 in. is understood. 


Example: 


AMS 2402-1 designates a thickness range 
from 0.0001 to 0.0003 inches. 
AMS 2402-6 designates a thickness range 
from 0.0006 to 0.0008 inches. 


Note 2: AMS 2402-1, -2, —3, -4 shall not be specified except for 
parts whose dimensional tolerances will not permit the 
specification minimum of 0.0005 inches. For such 
parts, the thickest plate permitted by the tolerance 
shall be specified. 


Note 3: Minimum tolerances apply to all surfaces of parts except 
externally threaded parts where permission is granted 
for thicknesses 0.0001in. less than the minimum. 


Note 4: No requirements are established for holes, recesses and 
other areas where a controlled deposit cannot be 
obtained under normal plating conditions. 


í. NAVY DEPARTMENT 


Designation: 46 P-2 
Type Minimum thickness, in. 


General purpose 0.0005 


Externally threaded articles 0.0002 


Note: Thickness requirements shall be met on smooth surfaces 
which constitute neither decided prominences nor recesse 
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The Axial Air-Gap Motor has 
hundreds of applications . . . 


AN N 
THe FAIRBANKS-MORSE E) 


PRESSES 


£* 


. . . . / 
Here's the industry's newest electric motor, the most radical improvement in | = 


the design of standard rating 40-degree motors since their earliest days! REDUCERS 


< — 


The Axial Air-Gap Motor offers opportunities heretofore beyond reach of 
those designers interested in conserving space, reducing headroom, cutting 
weight—and in improving the appearance of their product. ett 
Write for Bulletin 2760—it has the information you'll be wanting. V 


Fairbanks, Morse & Co., Chicago 5, Ill. $ SHAPERS 


* Air-Gap dimension is measured parallel to the axis of the shaft. 
Horizontal and vertical mountings; also, pivot base mountings. 
Polyphase squirrel cage and capacitor start, single phase types. 


Ask your Fairbanks-Morse 
Electrical Expert! 


A name worth remembering 


DIESEL LOCOMOTIVES * DIESEL ENGINES * STOKERS © SCALES © MOTORS © GENERATORS 
PUMPS è RAILROAD MOTOR CARS and STANDPIPES * FARM EQUIPMENT * MAGNETOS 
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Cloth, Metal Filter Michigan Wire Cloth Co 178 Relay, Midget . Struthers-Dunn, Inc 180 
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Elements, Thermo-Sensitive General Electric Co 169 Slide Rule, Magnesium Alloy..Pickett & Eckel, Inc 174 
Gearmotor, Fractional HP Electra Motors, Inc 169 Stops, Reverse Rotation The Falk Corp 170 
Lens, Oscillograph Projection. .Allen B. Dumont Labs., Inc 174 Switch, Indicating Pressure S uare D Co 178 
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with either a-c or d-c current. Actuation can be either 
by ambient temperatures or by internal heating of the 
element. The negative resistance coefficient of the material 
can be utilized to offset the positive coefficient of a con- 
ventional conductor. These characteristics make Ther- 
mistors adaptable to many uses including sensitive ele- 
ments in flow meters, time delay relays, switches, indica- 
tors, controls, meters and other circuit components to 
correct errors caused by extreme temperature conditions 











Fractional Horsepower Gearmotor 


Electro Motors, Inc., 1110 N. Lemon St., Anaheim, 


Calif. 


A fractional horsepower a-c motor and right-angle, single 
reduction, worm-gear speed reducer have been combined 
into a compact, lightweight gearmotor. It is manufac- 
tured in two models—Foot Mounted (Series 400) and 
Ring Mounted (Series 500), for 3, 2, and single phase 
a-c operation, in 4, 4, } and ł hp sizes. All are of the 
general purpose, continuous duty type, with ball and 
tapered roller bearings. Motor can be assembled in any 
one of four positions and the entire unit can be operated 
at any desired angle. In the Ring Mounted model, a 
positive seal prevents gear oil from leaking into mixing 
chambers or other equipment. A wide range of speeds 
is offered. 





Heavy Duty D-C Relay 
Westinghouse Electric Corp., 
1017, Pittsburgh 30, Pa. 


The AYB heavy duty, multipole, d-c magnet operated 
relay is designed for operation on 600v and below. All 
contacts are double break, silver to silver; will carry 10 
amp continuously at rated voltage and have a maximum 
interrupting capacity of 150 volt-amp. Inductive coil 
load is 0.65 amp at 230 volts. Contacts have a fast drop- 
out when the coil is de-energized. Relay is available in 
i, 6, 8, 10, 12 or 14 pole combinations, normally open 
and/or closed. To prevent overloading the operating 
made from a mixture of semi-conducting metallic oxides magnet, not more than five normally closed contacts should 
and are available in the form of rods, disks and beads. be used in the combination. A mechanical interlock 
Since they are pure electrical resistances, they can be used assembly is available for connecting two relays side-by- 


306 Fourth Ave., Box 


Thermo-Sensitive Elements 
General Electric Co., Pittsfield. Mass. 


Possessing a 





high negative temperature coefficient, 
Ihermistors are sensitive to temperature variations as 
small as 1/1000 of a degree Centigrade. The units are 


— 
- 
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side and on the same horizontal centerline. The AYB 





heavy duty applications requiring interlocking of circuits. 


















Small Fan Motor 
Heinze Electric Co., Lowell, Mass. 


Type z four pole, shaded pole induction motor is 3} in. in 
diameter and suitable for driving 6, 8, 10 and 12 inch 
fans and small blowers. Ratings range from 1/100 to 
1/40 horsepower at a load speed of 1550 rpm on 
115/230 v, 50/60 cycle current. Motor can be furnished 
with ventilated or non-ventilated pzessed steel case with 
or without junction box. Hardened steel shaft can be 
single or double extension and thrust bearings can be 
supplied for vertical operation. 





































Electronic Interval Timer 





Photoswitch Inc., 77 Broadway, Cambridge 42, Mass. 


Designed for machinery and process control, electronic 
timer covers the range from 0.03 to four minutes. Unit 
can be wired to provide interval timing, delayed action, 
automatic repeat and programming. Single purpose timers 
combining one or more of these functions are also avail- 
able. Basic circuit is self-compensating for changes in 
line voltages. Two single-pole, double-throw relay con- 
tacts have ratings of 10 amp (main output), 1 amp 
(auxiliary), 115v a-c. Ambient temperature range is 32 
to 150 F. Operation is from 115/230v, 50/60 cycle 
current. 
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relay is ideal for use on machine tools, and for other 








Reverse Rotation Stops 
The Falk Corp., Milwaukee 8, Wis. 


Protection against damage from reverse rotation of 
machinery is provided by this positive acting Backstop. 
The wedging action of the cylindrically machined, spring 
loaded pawls against the housing bore prevent reversal 
as soon as normal rotation ceases. Direction of operation 
can be quickly changed by reversing the rotor-pawl 
assembly that has keyways with opposite tapers. Specifica- 
tions for three basic sizes fall within the following 
ranges: maximum speed, 3.600 to 1,800 rpm; torque, 
541 to 3,360 lb-ft; horsepower at 100 rpm, 10.3 to 64; 
minimum bore, 3 to 2 3/16 inches. 


Silicone Sponge Rubber 

Connecticut Hard Rubber Co., New Haven, Conn. 
Silicone sponge rubber that is stable within wide tempera- 
ture limits is being used extensively as a vibration damp- 
ing material in a variety of applications. It is suitable 
as an oven seal where temperatures reach 500 F and as 
a seal in aircraft cockpits where the surrounding air is 

70 Fahrenheit. Density is about half that of solid 
silicone rubber. Usually made in extruded shapes, the 
material is also available in sheets and as molded items 


Oil-Tight Pilot Light 
Square D Co., 4041 N. Richards St., Milu aukee 12, 
Wis. 
Pilot light has been designed for machine tool applica- 
tions where cutting oils and coolants are apt to prod e 
failures. Unit is panel mounted through a hole of 1-7. 3? 
in. diameter. Construction permits mounting on pancls 
as thin as 1/16 in. or as thick as 1 inch. Color caps of 
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TYPE "A" COMMON 


ASSEMBLY BIT CLUTCH H EAD 7 e 7 3 e SCREWDRIVER 


Weth MLL Other Serews... 


. » » RECESSED HEADS AS WELL AS SLOTTED 


It is generally conceded that recessed head screws have outmoded the 
use of slotted head screws on modern assembly lines. For that reason, 
CLUTCH HEAD user quotations... recording production increases rang- 
ing from 15% to 50% ... are based on comparison with other types of 
recessed head screws. 
Only Clutch Head provides Center-Pivot entry for safe automatic straight driving. 
Only Clutch Head has non-tapered driving to eliminate the skid hazard of "ride-out." 
Only Clutch Head offers this all-square driving contact as a safety factor. 
Only Clutch Head eliminates the fatigue of end pressure for easier, faster driving. 
Only Clutch Head has the Lock-On which permits one-handed driving from any angle. 
Only Clutch Head delivers Bit durability that drives up to 214,000 screws, non-stop. 
Only Clutch Head 


has a recess basically designed for common screwdriver operation, 


America's Most Modern 
Screw invites you to make 
your own comparison... to mail, package assortment 
evaluate these exclusive of screws, sample Type “A” 
CLUTCH HEAD features...right * Bit, and Illustrated Brochure. 


at your own desk. Your 
request will bring you, by 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 CHICAGO 8 NEW YORK 7 
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wide angle visibility are available in clear, white, red, 
amber, green and blue. The a-c version has a built-in 
transformer permitting the use of a 6 v, incandescent 
lamp with a miniature, bayonet-type base. Shock and 


vibration failures are thus minimized. The d-c version 
incorporates a 110 \ candelabra screw-base, neon lamp. 


High-Pressure Shut-Off Valve 
Greer Hydraulics, Inc., 454 18th $t., Brooklyn 15, N. Y. 


Induction brazed joints make this poppet type shut-off 
valve suitable for use with line pressures up to 8,000 psi. 
The flush-mated unions permit simple installation with- 
out spreading adjoining pipes and all working parts can 
be disassembled for poppet and seat replacement with- 
out removing body from the line. Light pressure on the 
handle gives rapid, positive shut-off action. Line sizes 
of ł and 1 in. are available and additional sizes are 
scheduled for future production. 


Portable Voltage Controller 


Andrew Technical Service, 111 E. Delaware Place, Chi- 
cago 11, lil. 
Self-contained and measuring only 9 x 8 x in., this 
portable laboratory and research instrument provides 
accurate control of a-c output from 0 to 135 volts. A 
105 w variable auto-transformer limits the current capac- 


> 


ity to 3 amp. Each of the two plug-in receptacles has a 
toggle switch, pilot light and cartridge type screw-in 
fuse e -asily replaceable from the front of the steel hous- 
ing Input rating is 115 v, 50-60 cycles, single phase. 
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Strain Amplifier 

The Brush Development Co., 3405 Perkins Ave., Cleve 

land 14, Obio 
The BL-310 amplifier, when used with the Brush mag- 
netic direct inking oscillograph, is a complete package 
unit for the measurement of strains. It can be simply 
operated, producing records which are immediately 
available and easily interpreted. Equipment records 
either static or dynamic strains up to 100 cps, and direc- 
tion as well as magnitude of the measured strain can be 
read from the chart. Amplifier contains two legs of the 
Wheatstone bridge network. The third and fourth legs 
are connected externally, one being the active gage, the 
other for sensitivity doub ling, Or temperature compensa- 
tion. The analyzer Is readily calibrated for individual 
gages, so that strain can be read directly between 10 and 
(0,000 micro-inches per inch. Although primarily 
intended for use with the SR-4 120 ohm strain gage, it 
is also applicable for use with any resistance-sensitive 
pickup. Power consumption is 135 watts 


High-Torque Motor 
T. C. Smith Mfg. Co., Springfield, Ill. 


While drawing only 20 watts, this small fractional horse- 
power, shaded pole, induction motor develops 75 oz.-in. 
stalling torque. Over-travel of the output shaft is pre- 
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EVERY DESIGN 


Book of Revelations 


CONTOUR FORMING 


of difficult curved parts 
to avoid high die costs 


Offers you a. «eu 
FREEDOM OF DESIGN 


in forming multiple 
contours at low cost 


€ This 12-page book is truly a little book of 
revelations on Cold Metal Contour Forming that will 
interest every progressive-minded design engineer. 

Elaborately illustrated, with photos of produc- 
tion work and detailed explanation of the wide 
range of possibilities in this interesting field, 
pioneered by BATH. 

You now have much greater freedom of design 
without the problem of high die costs. For BATH 
can do the stretch, roll, or wipe forming cold, with 
bends of varying radii in compound and reverse 
Curves—even to 3 dimensions. 

This book illustrates some of the wide variety 
of shapes we form rapidly from carbon steel, 


* 


* 


ENGINEER 





aluminum, ductile bronze, stainless clad and even 
magnesium. 

We form from strips, extrusions, bars, tubes and 
rolled or brake-formed sections. Accurate part to 
part duplication on Bumpers, Carlines, Rings, 
Bodyposts, Spirals, Door Frames, Rub Rails, Mold- 
ings, Aircraft Wing and Tail Members, Wheel- 
house Angles, Small Streamline Cabinets, Orna- 
mental Trim, etc. 

Write for your copy of Contract Forming or mail 


blueprints with engineering details. 


* 


THE CYRIL BATH COMPANY 


6700 Machinery Avenue, Cleveland 8, Ohio 
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vented by a magnetic clutch activated by de-energizing 
the motor. Construction is of aluminum and bearings 
are oil impregnated powdered metal. A built-in gear 
train of varying ratios is used to change stalling torques 
and input wattages. Powered from a 115 v 60 cycle 
source, motor is suited for application to coin machines, 
directional antennae and many diversified uses. 


— Projection Lens 

llen B. Dumont Labs., Inc., 2 Main Ave., Passaic, N. J. 
n 2088 is a two-element, symmetrical objective lens 
for projecting oscillograms on a large screen. It projects 
well-defined wave traces appearing on a 3 x 3 in. tube 
screen to distances beyond 8 ft, resulting in a screen 
image up to 12 x 12 feet. Relative aperture is f:3.3, 
focal length is 7.7 in. and axial light transmission is 
approximately 85 percent. A directive screen is recom- 
mended under conditions of high ambient light. Approx- 
imate focus is made by sliding the telescope barrel, 
critical focus by adjustment of the knob working in the 
diagonal slot. Mounting flange has four holes that line 
up with threaded holes in the oscillograph panel. Best 
results are obtained with Types 5RP-A, 247-A and 248-A 
DuMont oscillographs 


End View 


Magnesium Alloy Slide Rule 
Pickett G Eckel, Ini E Á 
Calif. 


Albambra, 


Fremont Ave 


Constructed of plastic-covered magnesium alloy, ortho- 
phase log log slide rule is non- warping and unaffected 
by climatic conditions. Other improvements over the 
standard wooden rule are precision manufacture to 0.001 
in. tolerance, cursor window supported free of scale 
surface, “centering” non-stick optical groove, easily ad- 
justed screws for lining up scales, and non-fade scales. 
Unit measures 123 x 13 x j in.; weighs four ounces. 
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Twin V-Belt Clutch 

V-Belt Clutch Co., 3757 Wilshire Blvd., Los Angeles 

Calif. 
Model 2DC Ball-Lok twin V-belt clutch provides smooth 
starting under heavy loads with equalized pressure on 
the belts. When the clutch is set for idling position, 
the belts ride on free turning bearings of double step 
ring design; when in driving position the belts are 
gripped by and ride up on the pulley sidewalls. Shifting 
force is applied to the walls of the open-channel sleeve 
Shifter-fork assemblies with friction. shoes or conven- 
tional bronze shifting collar units are available. Unit is 
rated at 5 to 10 hp for application to gasolene engine 
mountings and industrial drive requirements. Pulley 
diameter is 33 in., length 43 in.; weight, 3 lb 6 oz: 
shaft size range, 1, 13, 11 inches. 


Capacitor-Start Induction Motor 
Brown-Brockmeyer Co., Dayton, Ohio 

Fan-cooled condenser and springless actuating switch are 
enclosed within the housing of this a-c capacitor-star! 
induction motor. Dynamically balanced rotor rides 
"Life-Seal" ball bearings mounted in the steel housin; 
Suitable for either horizontal or vertical operation, mot: 
is applicable to air-conditioning equipment, ventilatin 
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5 GALLONS OF LACQUER 


J YEARS OF EXPERIENCE 


E] 





Here’s a drum of Advance Lacquer. It contains fifty years of 
experience... and five gallons of a fine finish. 


Service technicians of the Advance Paint Company have developed formulations to solve 
thousands of individual finishing problems. As a result, characteristics have been built into 
Advance finishes that make them easy to apply and quick to dry, speeding up your finishing 
operations. All the metal finishes manufactured by the Advance Paint Company are made 
to satisfy the most exacting requirements . . . are adapted to low-cost finishing operations. 


This experience can go to work for you. An Advance field representative will come 
into your plant to help you solve your finishing problems. 






Manufacturers of Industrial Finishes 


PAINT COMPAN 
A 


INDIANAPOLIS, INDIAN 
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fans and blowers, stokers and oil 
burners. Models rated at 1725 rpm 
are available in the 1 to 14 hp range 
for use on 115/230 v, 60 cycle, single 
phase power supply. 


Acrylic Plastic Sheeting 


Rol m t9 Haas Co., Knox 1 ille , 
Tenn 
Sheets of acrylic plastic measuring 


100 x 120 in. are widening the scope 
of designs based on plastics. Many 
large dimension applications previ- 
ously restricted to other materials or 
segmented constructions are now pos- 


sible. Among these are 


auto tops, 
aircraft display cases and special uses 
such as in radar stations where the 
optical perfection and radar wave 
transmission properties of the plastic 
make it suitable. Sheets are available 


in 4 to 4 in. thicknesses. With ex- 


panded facilities, sheets will also be 
produced in corrugated form 




































































Repeat-Cycle Timer 

G. C. Wilson & Co., Chatham, N. |. 
The Model No. 1 repeat-cycle timer 
provides independently variable con- 
trol of "on" and “off” time intervals. 
On” intervals can be varied from 
0.2 to 200 sec, “off?” intervals from 
0.1 to 60 seconds. The push button 
at the top synchronizes the timer cycle 
with external equipment. Cyclic op 
eration is produced by the interaction 
of two variable electronic 
The 
off' control dials provide 
within the 
Double pole, 


resistance 
and 
interval 
high or low 


capacitance elements. "o0 
adjustment, 
double throw 
relay contacts are rated at 0.10 amp 
each, 115 v to 2 amp, 460 v a-c non- 
inductive. The standard 6 x 6 x 6 in. 
unit operates from 105-120 v, 60 


cycle power; d-c units are available 


ranges 
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Water Temperature Control 
il ‘estinghouse Electric Corp., 306 
ith Ave., Box 1017, Pittsburgh, Pa. 

The Safe-Temp 
protection control for electric water 
heaters utilizes heat from the tank 
wall for actuation. Electric power to 
the heater will be cut off between 180 
and 205 F depending upon the type 
of tank mounting and wattage of the 
heating element. Upper limit is set 
at 205 F so that water cannot reach 
the boiling point even at relatively 
high altitudes. Unit is fully enclosed 
in a plastic cover that excludes dust 
and insulates current-carrying parts. 


automatic thermal 
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mizes wear in the Warden automatic 
low-pressure shut-off valve. Protec- 
tion against fire and e. plosions result. 
ing from gas accumulations and 
pressure variations is assured with this 
weight-loaded assembly. Bodies fit 
3 and 1 in. standard-thread lines. 
Bronze units weigh 6 lb, aluminum 
alloy units 13 Ib, both having a length 
of 44 in., a width of 43 in., and a 
height of 6} inches. 





One-Piece Lock Nut 

Grip Nut Co., 308-] S. Michigan 

Ave., Chicago A, Ill. 
The Gripco one-piece lock nut has 
been redesigned with widened and 
deepened triangular deflections in the 
upper face. The greater area depres- 
sion of threads permits repeated re- 
moval and reinstallation without loss 
of locking efficiency. Utility is in- 
creased as the unit can be used on 
threads not held to close tolerances. 
The presence of oil, water or chemi- 
cals on the threads not affect 
locking action. 


d oes 

































































Automatic Shut-Off Valve 
Security Valv 
Calif. l 

The gravity-actuated shut-off mecha- 

nism provides positive action and mini- 


Corp., Los Angeles, 





Propucr ENGINEERING — June, 1945 





Constant Volume Pump 

Tool Co., Hy- 
draulic Div., Rockford, Ill. 

The Rota-Roll pumping member d 

sign produces quiet operation of the 

Model 5W constant volume hydraul 

pump. With this design, the small 


Sundstrand Machine 





on 


Not when you are using Cone-Drive gear- 
ing for the job. For Cone-Drive gearing with 
its larger contact per tooth and MORE TEETH 


IN CONTACT gives you vastly lower in- 
herent unit pressures .. . i.e., greater load 
(d NUI mean capacity with smaller gears. 
And here’s a real design short-cut: Where 
E E possible, use a standard Cone-Drive speed re- 
ducer. You'll be surprised in how small a space 
it will fit and how much money it will save. 


Ask for Bulletin No. 8901a 


CONE-DRIVE DIVISION 


MICHIGAN TOOL COMPANY 


7171 E. McNichols Road . Detroit 12, U. S. A. 























With this compact standard In the Michigan "870" gear finisher, the Here is a paper box machinery manu- 
Cone-Drive speed reducer, Pro- smoother slide movement drive—key to the facturer who found it a lot less costly to 
gressive Welder, in its flash weld- 870's new higher standards of accuracy and use a standard Cone-Drive reducer in 
ers, got “longer life, lower inertia versatility—is through a standard Cone-Drive re- place of former gear-change boxes in his 
forces, freedom from backlash ducer, compact and light enough to go in the machines—and got increased load carry- 


despite higher loads ... machine head. ing capacity with longer life. 







i 4 
a. | 
) - á : a 
1 d "n 
eu ell. 
bi E * n 
— 


ii pn standard Cone-Drive reducer drives the conveyor on several new Most Cone-Drive standard reducers can 
a eader trucks, such as this one by Weston Dump Body—a tough job when also be water or fan-cooled—in which case 
inning with full loads over rough fields. you can just forget about thermal ratings. 
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or inner member is keyed shaft 
and drives the outer member at a speed 
25 percent lower than the motor speed 
of 1200 rpm. Differing from the con- 
ventional, the pumping members have 
a special tooth form that provides in 
creased durability. Both roller and 
rotor are self-emptying and cavitation 
at the inlet is reduced through special 
porting. Overall efficiency is 85 per 
cent and the eight different versions of 
the Model 5W cover the range from 
3 to 10 gallons per minute. 


Indicating Pressure Switch 
D Co., Milwaukee, Wis. 


Class 9012 switches are designed 
cover the wide range of applic ations 
for the control of pneumatic or hy- 
draulic machines such as welding 
equipment, machine tools and high 
pressure lubricating systems. — Positive 
quick-make and quick- break action is 
assured by use of a single-pole, dou- 
ble-throw snap switch mechanism. 
Separated, non-overlapping normally 
open and normally closed circuits 
with double-break silver contacts are 
provided. Switch mechanism is en- 
closed in a molded case of non-car- 
bonizing melamine. Switch enclosures 
are of die-cast aluminum, drip-tight 
and oil-resistant. An indicator flag 
behind the window facilitates proper 
setting of the trip point and shows 
any pressure surge or other objection- 
able condition. Adjustment is made 
by the convenient adjusting knob. 
Bellows-actuated types are available in 
a variety of ranges up to 1,000 psi. 
Piston-actuated controls handle 3,000 
psi pressures. 


Square 
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Control Relays 


Allied Control Co., Inc., 2 East End 

Ave., New York 21, N. Y. 
Intended for all-purpose usage in elec- 
tronic, aircraft and other industries, 
Type PO and POY control relays are 
compact and can be supplied her- 
metically sealed. — Non-inductive sil- 
ver contacts, 2-, 3-, and 4-pole nor- 
mally closed, normally open or 
double throw, carry 15 amp at 24 v 
d-c or 110 v a-c. Type PO coils are 
rated up to 220 v, 25 and 60 cycles 
at 10.5 va; 120 v d-c at 2.5 watts. 
The Type POY semi-sensitive, dual- 
coil relay is applicable for d-c opera- 
tion direct from the plate of a vacuum 
tube or limited power circuit. Coils 
are rated up to 110 v d-c at 1 watt. 
Dimensions of the large 4-pole relay 


are 21 x 17 x 2 3/16 inches. 


Recording Thermometer 
W eksler Thermometer Corp 327. 
Houston St., New York 12, N.Y. 


a or air temperatures in all stand- 
ard ranges can be measured with 


D p a RT sip 


this single or double pen 8 in. chart 
size recording thermometer. The dur. 
able, accurate movement is stainless 
steel with micrometer adjustment, 
Bulbs are of varying size with five feet 
of braided armor tubing attached with 
plain, union or separable socket con. 
nections. Unit can be supplied for 
wall or flush mounting and for port. 
able use. Standard 24 hour or special 
period chart drives, either hand wound 
or motor driven, can be supplied 


Metal Filter Cloth 
Michigan Wire Cloth Co., 
Howard St., Detroit 16, Mich. 


Specification 4200 metal filter cloth is 
equal to 200 mesh in filtering and 
straining action, yet is seven times as 
strong. Weave is Plain Dutch having 
a warp count of 40 mesh. The Monel 
metal and brass wire woven to these 
specifications has a definite stiffness 
that keeps the cloth flat and free from 
curling. Weight of 100 sq ft of 
Monel cloth is 42 Ib; flow rate per 
square inch is 7.3 gallons per minute. 


2100 


Temperature Transducer 


G. M. Giannini & Co. Inc., 285 W. 
Colorado St., Pasadena 1, Calif. 


The Type 4911 temperature 

ducer for — appli 
where space is at a premium 

inch in dn A temperature 
sensitive bi-metallic element, encased 
in a small tube, rotates a standard m! 
crotorque potentiometer. Any change 
of position of the element due © 
temperature variations, results 11 large 
voltage outputs from the poten ome: 


trans- 
ations 
is one 
iture 
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AMERICAN NAME PLATE & MFG. CO. 
4256 West Arthington, Chicago 24, Illinois 
Gentlemen: 


Please send us this booklet. 
‘Nome s i —— 


Address m 


Use This Coupon To Get This FREE Booklet CIL 
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ter. Voltage outputs are of a magni- 
tude suitable for recording with oscil- 
lographs, galvanometer-recorders, and 
telemetering systems. Standard re- 
sistance for the instrument is 5,000 
ohms, but resistances are available 
from 100 to 20,000 ohms. Designed 
for a temperature range from —65 C 
to +150 C, transducer has a linearity 
of 1 percent, am accuracy of 1 per- 
cent, and a sensitivity of 1 C or less. 
Standard response time is 2 sec for 
a 5 degree change in temperature. 
The size, weight, and voltage output 
make this an ideal instrument for the 
transmission of compartment tempera- 
tures, fuel temperatures and ambient 
alt temperatures. 





ir 


9 ^ 2 $ 
9 o. 
Microammeter 
Radio Corporation of | America, 


RCA Victor Div., Camden, N. ]. 
Type WY-84A_ ultra-sensitive elec- 
tronic microammeter accurately meas- 
ures d-c currents down to one-billionth 
of an ampere. The portable, battery- 
operated, vacuum-tube instrument can 
be used with multiplier photo tubes in 
measuring light intensities and gas 
and in atomic research as 
a sensitive current-measuring device 
for checking ionization chamber cur 
rents in radioactive material control. 
For industrial use, the instrument will 
facilitate corrosion. and electrolysis 
studies, and can be used with precision 
gaging equipment. Six range settings 
permit a choice of the most convenient 
The current sensitivity is 
greater than that of existing portable 
meters of the pivot or suspension type 
and approaches that of the average 
reflecting galvanometer. By adding 
external multipliers, the microammeter 
can be converted to a high-resistance 
voltmeter. 


densities, 


range 


180 


M A T E RI 


A L S 





Midget Relay 
Strutbers-Dunn, In. 
St., Philadelphia 7, Pa. 

Type 119XBX midget relay is adapt- 

able to electric vending machines and 

similar equipment. Measuring 1,', in. 
high, 1g in. deep and 13 in. wide, 
relay is easily mounted and connections 
readily Double pole, 

double throw contacts are rated at 5 

amp and coils are available for any 

voltage up to 115 v, 60 cycles All 

115 v units are adjusted to operate at 

85 v or above. 


150 N. 13th 


accessible. 





Hydraulic Control Valve 
Logansport Machine Co., Inc., Lo- 
gansport, Ind. 

Latching or free control of double act- 

ing hydraulic cylinders is provided in 

the Model 7025 foot-operated 4-way 
valve. Piston is pressure balanced and 
no valve seats or packings are used 
other than stem seals at each end. 

Switching from indefinite dwell to in- 

stant release is made by turning lever 

in the base. Upper body can be ro- 
tated 360 deg on the base to four posi- 

tions at 90 deg intervals. Model 7025 

is available in standard port sizes from 

J to 1 inch. 


A N D 


FA & 1I $3 


Flow Sights 


Oil-Rite Corp., 3482 S. 13th St., Mil. 
waukee 7, Wis. 
Style SFX flow sights provide maxi- 
mum visibility of gravity or pressure 
fed liquids. Flow is downward 
through a nozzle on the inlet side. 
Nozzle can be provided with an orifice 
of diameter ranging from } to 9/16 
inch. Additional flow control can be 
obtained by using a standard globe, 
ingle or gate valve. Aluminum alloy 
end-plates carry the lucite or glass (for 
temperatures above 150 F) sight cylin- 
der between cork gaskets. Assemblies 


are available in three body sizes hav 
ing sight diameters of 13, 2 and 2! 

XE do Xd X 2 15 
in. with either $. 1, 3, 3, 3 or 1 in 


female pipe threads. 


Packless Valve 


Robertshaw-Fulton 


Controls C 
Fulton Div. Knoxville 


Tenn. 


Sylphon 


Seamless metal bellows ‘provide a leak 
proof seal between the valve disk anc 
body of the Series 3000 valve. Utility 
is thus greater than with conventional 
designs under both pressure anc 
vacuum conditions. Bellows are mace 
of stainless steel, Monel, phospho 
bronze, brass and other materials 
Valve bodies are stainless steel, bronze 
cast iron, cast steel and Monel meta 
For high-vacuum and specialized sen 
ices, composition disks can be subst! 
tuted for the standard metal pat 
Valves are available in sizes from i 
to 3 in. with screwed, welded í 
flanged ends. Temperatures up to 70 
F can be withstood. 


o 
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Side view of Yundt 
bottle washer showing 
exterior piping equipment. 


"Piping in a Package"... 
for Machine Designers and Builders 


A package that saves time on specifica- 
tions... simplifies equipment ordering 
and storing ... speeds piping assembly 
operations. In one package, the com- 
plete Crane line gives you all these ad- 
vantages, plus dependable piping 
equipment for all your needs. 


Airbrush Bottle 
Washer by Michael 


whether you want brass, iron, steel, or Yundt Company. 


On a bottle washer, for example, 





alloy materials, you can standardize on 
Crane. From simple lubricating lines to the most complex 
hydraulic systems, Crane gives you the world’s largest selec- 


tion of valves, fittings, pipe line accessories, and pipe; shop- 


















fabricate iping assemblies inc od. 
icated piping assemblies included (Right) FOR PRECISE THROTTLING and 


. . . - ice. sDeci 1 23 
Machine designer . . . builder... buyer... all three benefit durable service, specify Crane Ne. 14% 
ý I1 x I brass globe valves for all pressures up to 

by the 3-way advantage of equipping with Crane: One source 150 pounds steam; 300 pounds water, 


oil, or gas. Plug type disc of Nickel 
Alloy to Exelloy seat ring, with wide, 
tapered seating surfaces, provides 
unusually high resistance to seat 
without obligation—on piping problems. Just call the Crane damage, and exceptionally 

accurate flow regulation when 


Branch in your area. throttling. Sizes up to 3 in. 
Also angle patterns. 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Ill. See cone Coane 
Branches and Wholesalers Serving All Industrial Areas Catalog, p. 31. 


EVERYTHING FROM... Vj 


of supply . . . One responsibility . . . One standard of quality. 


This complete Crane service includes technical assistance— 


VALVES « FITTINGS 
PIPE e PLUMBING 


FOR EVERY PIPING SYSTEM 


AND HEATING 


—— — 





Propucr ENGINEERING — JuNE, 1948 181 


EU ———————— r 7 — - . - — II —— —— 
J z 






































there are three! 


WHERE 
BASIC 
DESIGNS 





























Sizes 1, 2 and 3 of Ward Leonard’s new 
Solenoid Contactors are now available 


The advantages of Ward Leonard's re- 
IB cently introduced A-C Solenoid contactor 


can now be obtained in 2 and 3 pole 


ELECTRIC 
CONTROLS 


combinations rated up to 100 amperes. 


All these sizes provide “Result-Engi- 
neered” features which you can’t afford 
to overlook. Let us point them out to 
Write for our Bulletins 4451, 
4452, 4453 and be convinced. Ward 
Leonard Electric Co., 63 South St., Mount 
Vernon, N. Y. Offices in principal cities 


of U. S. and Canada. 


WARD LEONARD 


ELECTRIC COMPANY 


RESISTORS « RHEOSTATS « RELAYS « CONTROL DEVICES 


you 
















NEW BOOKS 


Propuct ENGINEERING - 


Precision Investment Castings 


EpwiN LAIRD CADY. 356 pages, 61 x 
91 in. Published by Reinhold Pub 
ing Corp., 330 W. 42nd St., 
York 18, N. Y. $6 








This book has been organized to 
of use to both production and design 
engineers. The first few chapters tell 
the engineer what precision investment 
casting is, what it does, and how it 
does it. From these chapters, the de- 
signer can make up his mind whether 
this process will serve his purpose; 
and if it will, whether he should 
up the process in his own plant, or 
have the work done in an outside shop. 
The remaining chapters tell how to 
design parts to get best results from 
precision casting. Advantages and 
limitations of the process are described, 
and predictable lines of future devel- 
opment are indicated. 


Electric Resistance Welding 


Published and edited by HAROLD S. 
CARD, 840 Euclid Ave., Cleveland 14 
Ohio. 22 pages 8} x 11. $1. 





A bibliography of published resist- 
ance welding literature from January, 
1936 to June, 1947. The pamphlet 
contains titles, authors and publica- 
tion dates of 646 articles on resistance 
welding subjects that have been pub 
lished in 49 technical and indust: 
magazines during the period indicated 
in the title. Most of the titles 
— by topical synopses indi 

ting the scope and subject mat 
Pe respective Each titl 
given a key number by which th 
tire list is indexed under 
headings. Lists of current standards 
publications and books and booklet 
are included. This bibliography will 
be an to libraries, 

manufacturing and 
personnel who deal with resistance 


articles. 


1535 subje:t 


asset authors and 


both enginecring 
welding. 


Improving Supervision 


FRANK CUSHMAN and Ropert W 
CUSHMAN. 232 pages. 4% x 74! 


Published by Jobn Wiley and S 
Inc., New York, N. Y. $2.50. 


An extremely frank and revealing 
discussion of human relation problems 
encountered by supervisors in ! lus 
trial and business organizations. O! 
particular interest, is the discussion 0! 
the sequence of events that occ in 
supervisory responsibilities when - 
companies grow into large indu 


organizations. Line and staff types 0! 
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— supervisory positions are described. 

Su] ervisory job analysis, development, 
S training and job planning are dis- 
" cussed. Such related supervisory fac- 
m= Fors as waste control, cooperation, 

verbal and written orders and careless- 

ness are treated in separate chapters. 
t y f Worker job training, job interest sat- 
isfaction, discipline, loafing, absentee- 
ism and working conditions are eval- 
uated from the supervisor's point of 
view. Subjects of current interest are 
discussed in the last two chapters. 
These are: grievances, and rating em- 


] 
tel ployees. Including an index, this book 
<M | will serve as a valuable reference and 
e guide for all personnel working in or 
"a toward supervisory positions. 
Ose: 
set | Plastics Dictionary 


» O | THOMAS A. DICKINSON. 312 pages, 
hop 61x 94 in. Published by Pitman Pub- 
y to f lish ing Corp., 2 W. 45 St., New York, 
rom N.Y. $ 

and a i e : n 
bed Ihis book consists of a mixture of 


vel. | technical terms and tradenames used 
in the plastics industry. Some of the 
tradenames are unfamiliar even to 
one who is in the plastics industry— 
this stems from an abundance of West 
D S. f Coast and British products. In gen- 
14, feral, however, the book is valuable to 
an engineer who wishes to become 
familiar with the jargon of the plas- 
tics industry. 


Sizes 1, 2 and 3 


lica- f Tool Steel. Simplified 
















W* F FRANK. R, PALMER, Vice President, WHERE 
PU Po GeoRGE V. LuERSSEN, Cef 
n Metallurgist, The Carpenter Steel Ward Leonard a-c Magnetic Starter Is 
i Com y 564 pages, 6 x : m. =o Small in Size, Big in Performance BC 
y ljbed ) / ipenter Steel ,0. 
indi- | Reading "s enl Edition € For fast, positive, dependable across-the- — STIS 
line starting of non-reversing motors, in- 
Revised to include new methods, stall Ward Lond 4110 a-c Magnetic 
en- |'erms and principles for the selection Starters. i 
iect fand heat treatment of tool steels, this 


Unit construction. Open or enclosed 
type. Accessible components. Double- 
break silver-to-silver main contacts. 
Thermal relays give overload protection. — BMIDIETUIIS 
Local or remote control. 


Ward Leonard Starters are “Result- ELI 
Engineered.” By modifying a basic de- 
sign, Ward Leonard can give you the ISINE 
results of a special... for the cost of a 


ards {Dook contains a wealth of information 

lets f that tool and die designers and makers 

will | ordinarily obtain piecemeal from steel 

ind J OMpany experts or literature. 

ring The five parts, illustrated with 355 

ince J Cuts, charts and diagrams, an in 
simplified form how to specify and 
neat-treat tool steels; beginning with 
the definition of terms and w inding up 


ELECTRIC 


[with valuable data on testing and standard. : ENCINEERED 
W. [trouble shooting. Write for Bulletin 4110. Ward Leonard 
y Part I covers the fundamental con- Electric Co., 63 South St., Mount Vernon, FOR 
Sons cepts of the subject. Chapter 1 dis- N. Y. Offices in principal cities of U. S. 


and Canada. 


usses the "language" while Chapters 


ling [^ to 5 p a general "getting YOU 

ems | “Cquainted”” course. 

lus- | , Part HE describes a simplified method | 

of | 9r sclecting the right tool steel for WARD LEONARD 
of | Making all sorts of tools. Chapter 6 


in [ de&ri^es the method, Chapter 7 gives 1 i E ^ T E | ^ > 0 M d ^ | 
nall the ar lyses of twelve steels that will 
ob, Chapter 8 discusses a num- RESISTORS - RHEOSTATS « RELAYS « CONTROL DEVICES 
. of. B. « examples to show how the 
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metal makes 
ential electrical properties 
btained at minimum cost. At the same 
characteristics of the desired base 
ers feel the most important 
of a mechanical bond 


d base metal. Typical examples of the ad- 
| are found in parts made from 


iver-clad materia 
hor bronze or nickel silver where spring temper 
a the blade, this spring to be obtained by work 
We can supply these ‘vated metals in any 
special uses, silver or beryllium copper may be 
formed soft, then hardened to maximum strength and spring 
temper. For rugged construction, where heavy loads are 
generally considered most 


carried, silver on pure copper is 
desirable. 
FOR CHEMICAL APPLICATIONS 


om silver laminated to a base 


A part made fr 

| contact. The ess 
e silver alloy are o 
dvantageous 
lized. Many engine 


lver-clad is the absence 








ant to organic 
nd general chemica 
It may be silver-clad 
o 20 feet, and 





d metal is non-corrosive and resist 


d processing equipment c 

developed new tubing. 
outside, Or both, in lengths up t 

diameters up to 1 1/2 inches. i£ demand warrants, diameters 

of 2 or more inches could be made. The precious metal ratio 

is closely controlled, the silver surface is hard and free from 


porosity, and it is economical. 


Silver-cla 
acids. For foo 
usage, We have 
on the inside, or 


r will be furnished upon request. 
invited. Our chemists, 


re at your service. 
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method works out i 
— ) in actual practice 
—" 9 concludes "ad à hs 
= means of implementir : 
10d in the form of cai al 
steel selector. — 
Part I als wi i 
ee Do with simplified meth. 
sp ree e reatment. Chapter 10 
1" pr consideration: 
m m equipment ; Chapter 
cem , t harénen and toughness: 
y no specific information 
Qum Ai p of twelve steels; and 
mr the section with 
— — discussion of the s D 
E ject ot high speed X 
Althor 2 1 
si c" Lc first three parts of 
reader will f ] apes is à 
n ind his understanding oí 
€ more complete after read. 
" - ae in Part IV. Chapter 
yf . | interesting angle on tool 
ae or DL I5. and 16 give 
———GÜ es etching and timbre 
17 tells — testing. Chapter 
degens to identify steels by thei 
20 Bate h Chapters 18, 19 and 
À— three of the most intenti 
m Lp" phases of hea 
n 8- urnace atmosphere, heating 
" S — Finally, Chap 
d — some practic al tips on 
"m ooting. | 
Wes concludes with a few table 
i to the user of tool steel : 





















































Forming of Austenitic 
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VSEVE 3 
! Lop N. KRIVOBOK of tl 
ternational Nicke! C Annee 
a E ! Company, Inc.: aná 
E RGI SACHS of Case Institut ` 
echnology. 309 pag j1 r 143 
aps. s. DU E dee 
Co., l ed by The International Ni "x 
s0., Inc. ; 67 Wall St, N "vod 3 
X M St., New York 5, 








This excellent t 
Wo — book, full of detailed 
cipal EM contributed by the prin- 
Witten to fulfil of stainless steel, was 
knowledee u P the evident need for 
fond about. the technique of 

| ing austenit ; ~ 
EE d itic chromium-nickel 
data was m E The need for such 
when the ade clear during the waf 
a steels were used 
in the Lm b z — is still obvios 
these steels t roadening application of 

The d peacetime activities. 
scope of field. beatings indicate the 
load : covered, these include: 
nickel woe. jeg perm ot chromium. 
acteristics uo steels; forming char 
processing ag vac: stainless steels; 
out and pre s forming; design, lay- 
ment v — of blanks; equip: 
pr qiu -sE lubricants, bending 
curved m Hanging; forming of 
tnd > he plant a 1 
E cup-shaped, duet a 
ated parts; double action die f »rming 
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nickel AIR CONDITIONING. EQ 
such E 
, "ud Luxurious heating comfort—combined s healthfal cleans’ 
used liness, aucomatic convenience and fuel-saving economy. 
yv10uS . 
o d Even the smaller and more modest American homes can 
a. enjoy all this today. Because America’s makers of heating, 
2 ventilating and air conditioning equipment are always pro- 
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gressing. They use Reynolds Industrial Wire Cloth. And 
not alone because its quality is unquestioned. Reynolds 
engineers constantly co-operate in design improvements 
to better performance. Why don’t you consult them? 


REYNOLDS WIRE CO. 


DIXON, ILLINOIS 


1948 
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Solve Your Design, Fabrication 
and Delivery Problems by 


METAL SPINNING 
“TEINER” offers Time and Money Savings 


Metal spinning the '"Teiner" way will enable you to simplify designs and 
speed up production. In small runs you can save the cost of expensive 
dies and castings. 


"TEINER" is well qualified to be of assistance to you. As specialists in 
metal spinning for over fifty years, we are in position to offer valuable 
help in both design and production so that full advantage can be taken of 
the great savings possible through spinning, as well as the greater 
strength and finer quality of the parts produced. We are also equipped 
to fabricate commercial flange and disc heads. 


An unusual and important part of “TEINER” service is the spinning of 
stainless steel. Here again, spinning eliminates the need for expensive 
castings and machining. It will be to your advantage to submit drawings 
or samples of your parts for a cost estimate of producing your require- 
ments by spinning. Your inquiries are solicited. 


Other “TEINER” Services 


Stamping .... Fabricating .... Assembling .... Soldering .... Silver 

Brazing .... Lacquering .... Welding. .etc. TEINER assures expert work in 

all metals and in any quantities exactly to specifications. Our engineers 
are ready to cooperate with you on your needs. 


ROLAND TEINER COMPANY 


TEL. EVERETT 2669 


130 TREMONT ST. EVERETT 99, MASS. 





This is how STROM BALLS are born 


A heading machine cutting sections from heated 
steel rods and compressing them in a die 
to a rough spherical shape. ERIS 


The steel is carefully chosen and inspected, even before it gets to the 
heading machine. After being "born" here, balls are carefully "brought 
up,” through a long series of grinding and lapping operations, to the 
unbelievably high standards of finish, sphericity and precision which have 
made Strom Metal Balls the standard of Industry. Strom Steel Ball Co., 
1850 South 54th Avenue, Cicero 50, Illinois. 


[roti] BALLS Q Serve Industry 


Largest Independent and Exclusive Metal Ball. Manufacturer 





of deep- and shallow-recessed parts 
forming of deep- and shallow-reccssed 
parts by miscellaneous methods: form 
ing of semi-tubular parts ; and nd 
ing and reducing of tubular parts 

Many valuable tables of engineer. 
ing data are presented. More than 
two hundred line drawings are used 
to supplement and illustrate m text 

Engineers who are engaged in the 
design of formed parts will find 
this book to be a constant source of 
reference. 


Elementary Mechanical 
Vibrations 


AusrIN H. CHuRCH. First Edition 
200 pages, 6 x 9 in. Published by 
Pitman Publishing Corp., 2 West 45t/ 
Street, Neu York I9. N. Y. $3.25 


A concise well ordered text on the 
fundamentals of mechanical vibra. 
tions. The author recognizes the diffi 
culty most engincers have in handling 
vibration problems. Realizing this, he 
has wisely organized his material in 
such a way that it can be used by 
engineering students and by practicing 
engineers without injuring the pro- 
fessional pride of the latter. 

As a text on fundamentals, the ir 
tent is to impress on the reader the 
physic al nature of mechanical vibra- 
tion in systems rather than to stress 
the mathematical solution of vibra- 
tion problems. 

Only systems with a single degree 
of freedom are discussed. A feature 
of the book is the use of practic al 
examples tying in with each type of 
vibration system. 


Chemical Process Principles 
Part I, Thermodynamics 


OLAF A. HOUGEN and KENNETH M. 
WATSON, Professors of Chemical 
Engineering, University of Wisconsin 
116 pages, 53 x 84 in. Published b) 
John Wiley & Sons, Inc., 440 Fourtl 
Ave., New York 16, N.Y. $5 


Fundamental principles of thermo 
dynamics are presented with parti ular 
attention to generalized methods The 
ap plic ations of these principles to proo- 
lems in the compression and expa nsion 
of fluids, power generation, an | re- 
frigeration are discussed. It is not 
attempted, however, to treat thc me 
chanical or equipment problems 0 
such operations. 

Considerable attention is devoted to 
the thermodynamics of solutions with 
particular emphasis on gene! lized 
methods for dealing with deviations 
from ideal behavior. These pri! iples 
are applied to the calculation. 
equilibrium compositions in both phys 
ical and chemical processes. Ac ipte 
is devoted to the new methods o: est 
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THE FLEXIBLE COUPLING shown above is a mighty important item 
n the 4800 horsepower Pratt & Whitney engines used in the new 
Convair-Liner commercial transports. 


rmo- f It connects the air duct to the carburetor...carries in the 


] r . . . . . . 
cular i tremendous feed of air needed for proper gasoline mixture. It has 
The to have hot-temperature dependability... high resistance to oil and 
h I 1 g 


Y - - 
x | woe pipo tae a aroe PERBUNAN 
p" igh octane gasoline...and lend itself to precise fabrication. a QW) A á a 


nsion 


| re. | PERRBUNAN NITRILE RUBBER was selected for this vital coupling after 
. not f engineers of Consolidated Vultee and the technicians of Los Angeles 
me- Standard Rubber, Inc. ran many exhaustive tests and found 
s ot [ Perbunan best suited for the job. 
bà For rubber that resists oil, heat, abrasion and water... holds 


delicate ec 1 « stave T "T , > rc Bs , r — > < 
with Z € (c stays flexible at low temperatures TAR RUDDER — 
taJ E "Tite OL ‘arest ofhnce. i 3 i ò 
lized ir near OIL. COLD. HEAT AND TIME 
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pu ENJAY COMPANY, INC. 15 West 51st Street, New York 19, N. Y.; First National Tower, 106 South Main Street, Akron 8, Ohio; 

2” | 1 North La Salle St., Chicago 1, Illinois; 378 Stuart Street, Boston 17, Massachusetts. West Coast Representatives: H. M. Royal 
ips Ine., 314 Loma Vista Avenue, Los Angeles 11, California. Warehouse stocks in Elizabeth, New Jersey; Los Angeles, California; 
st- f Chicago, Ilinois; Akron, Ohio; and Baton Rouge, Louisiana. Copyright,1948, Enjay Company, ln 
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FINISHED 
PROOUCT 


With Two DI-ACRO BENDERS 


A difficult production problem of 
forming two bends in a long length 
of tubing was solved by “teaming 
up” two DI-ACRO Benders as illus- 
trated. This dual-forming arrange- 
ment saved installation of special 
machinery. Two accurately formed 
bends are obtained in one operation 

without distortion of the tube and 
at a cost competitive to power 
operated equipment. More than 300 


DI-ACRO is pronounced "DIE-ACK-RO"'' 


[^ LACRo. 


PRECISION Uno" 
esa * + 


~ 
“ess oup" 


x ; 
b a 


316 EIGHTH AVENUE e 


pieces are penes per hour— 600 
individual benc 


"DIE-LESS DUPLICATING" Often 
Does it Quicker WITHOUT DIES 


This is but one example of how DI- 
ACRO precision machines— Benders, 
Brakes and Shears—can accurately 
and economically 

duplicate a great 

variety of parts, 

pieces and shapes, 

without die expense. 

Write for Catalog— 

“Die-Less Duplicating” 


LAKE CITY, MINNESOTA 


parts MANLIKE 
X UNIFORMITY 


IN GEARS MADE TO YOUR SPECIFICATIONS 


Gears for every industry are precision 
cut to your specifications. Racks . . . 


sprockets...spur. 


. bevel...spiral. 


zerol... worms and worm gears. Send 
blue prints or samples for prompt esti- 
mates on any quantity. 


E. B. SEWALL MANUFACTURING 


— 
696 Glendale St. St. Paul 4, inn 


mating thermodynamic properties by 
statistical calculations. 

The volume contains chapters de 
ing with thermodynamic princip! 
thermodynamic properties of fluids, 
expansion and compression of fluids. 
thermodynamics of solutions, physical 
equilibrium, chemical equilibrium, and 
thermodynamic properties from: mol: 
ular structure. 


Fluid Mechanics of Turbomachinery 


GEORGE F. WISLECENUS. First edit; 
613 pages, 6 x 8 in. Published 


McGraw-Hill Book Co.. Inc.. 330 WM 
nd St., Neu York 18. N. Y. $7.50 


Mr. Wislecenus has had fifteen years 
of intensive experience in the design 
of turbomachinery and is well qual 
Both the 
author and his book are entitled to 
The book is a detailed tre 

various types of turboma- 
including axial flow, mixe 
flow, and centrifugal pumps and cor 
pressors, turbines, torque 
and propellers. The 
rigorous in his 


ified to discuss this subject. 


respect. 
ment of 
chinery 


converters 
author has been 
treatment of the sul 
ject. At the same time he is cautious 
and repeatedly points out that eve 
refined solutions for fluid-mechani 
problems have restricted. use in thc 
design of turbomachinery. He em 
phasizes that for good turbomachinery 
design the experienced engineer mus 
be prepared to utilize the theoretical 
approach coupled with a comprehen 
sive test program 

The theoretical behavior of each 
class of turbomachinery is discussed 
The illustrations are well prepared 
and the adequacy or inadequacy of the 
theoretical solutions discussed. 


Powder Metallurgy 


ALEXANDER SQUIRE. 5} x 73 i. Pub 
lished by Mapleton House, 5415 Set 


enteenth Ave., Brooklyn 4, N. Y $8 


This is a report of research done 
at the Watertown Arsenal Laboratory, 
and issued by the Office of Technical 
Services. The author, metallurgis' 
the Watertown Arsenal Laboratory 
presents his work on properties ol 
iron powders, physical, chemical and 
processing, in a series of reports beat 
ing the following titles: 

Comparative Properties of 0.55 Cat 
bon Steel Bars Formed by Conven 
tional and Powder Metallurgy Meth 
ods. 

Critical Survey of Powder M al 
lurgy and Its Application in Ordnance 
Design. 

Evaluation and Correlation of The 
Quality Characteristics of Pow 
Iron Parts. 

Iron-Graphite Powder Compa 

The Effect of Dimensions Upon 
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| me spegit 
pat tough lubricdtyon 
problems by specifying Noggren 
Pre-engineered Lubro Cóntrol 
Units. They insure depehdable 
protection for air driven tools amd 
cylinders. Unit consists of filter, regulator and lubricator; cleans, controls and 
lubricates air for power packed results. Add this to your performance factors for 
maximum salability. Send your specifications for complete information. 
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REUSABLE... 
yet failure-proof far beyond the 
burst point of the hose? 


That’s the remarkable, new reusable 
coupling engineered by Norgren for hy- 
draulic assemblies. No more expensive 
inventories of stand-by hose assemblies. 
Bulk hose and a few Norgren reusable 
couplings are all you need to make eff- 
cient, quick replacements of hydraulic 
assemblies. 


CHECK THESE SUPERIOR FEATURES 
* LASTING REUSABILITY 
* MINIMUM OF DOWN TIME 
* SOLID BAR-STOCK BRASS 


* ELIMINATES STAND-BY INVENTORIES 
* FOR HOSE FROM V4" TO 1" I. D. 





WRITE FOR DETAILED INFORMATION 


C. A. NORGREN CO,., 222 SANTA FE DRIVE, DENVER 9, COLORADO 
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the Density and Mechanical Pr 
ties of Iron Powder Compacts 

Density as a Criterion of the 
chanical Properties of Iron Pi 
( ompacts. 

Influence of "A" Treatment oi: 
Characteristics of Finely Divided 
Powder. 

The Influence of Processing Ci 
tions upon the Density-Mecha 
Property Relationships of Iron Poy 
der Compacts. 


Vacuum Tubes 


KARL R. SPANGENBERG, Profe: 
Electrical. Engineering, Stanford. 1 
versity. First edition, 860 pages, í A N 
91 in. Published by McGraw-Hill 
Book Co., lnc., 430 I " 12nd M .. Neu 


York 18, N. Y. $7.50. 


A text for electrical engineers and 
advanced students, this book gives a 
comprehensive survey of all physical 
laws that contribute to the understand- 
ing of vacuum tube behavior. Ou: 
standing tube types are dealt with 
individually and their operating char- 
acteristics explained in terms of their 
internal fields and their influence upon 
the electron flow. A_ broad range 
of tube types is covered, including 
Magnetrons, klystrons and ultra high 
frequency tubes. 

The author develops the fundamen- 
tal techniques of analysis required for 
understanding tube behavior, such as 
determination of the shape of poten- 
tial fields, solution of electron path 
equations, and determination of space 
charge relations. 

Recent advances in the field are 
thoroughly covered, and the material 
includes a number of items not pr 
viously available in book form. Pro 
lem sets are included for each chapter, 
and the book is illustrated with charts, 
nomograms, and field configurations 


Metals and Plastics 


THOMAS P. HuGHeEs. First. Edit 
373 pages, 6 x 9 in. Published 
Irwin-Farnbam Publishing Con 


Chicago, lil. 


Metals and Plastics has been writ 
ten primarily for student engineers, 
but can be a useful reference for de- 
sign engineers who wish to brush up 
on fundamentals. Although the titl 
mentions plastics, only one chapter 1s 
devoted to this class of enginecring 
materials. The rest of the book «o 
ers methods of production, mechanical 
and physical properties, and fa 
affecting the properties of ferrou 
nonferrous metals. 

All illustrations and charts arc 
and the photomicrographs of v. 
metals, in the section on metall 
add emphasis to the discussion 
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ace WHEN YOU CHANGE TO 


=| BRUNING BW PRINTS 





[C 

on This young lady has just learned an important seconds. They are exact duplicates, easy to read 

ter “secret” from the engineering and drafting and to check —far more convenient to use 

EE departments. She’s found that she can save than blue prints. 

- hours of typing and retyping by using Bruning The BW process is simple—clean—and 
BW Prints to reproduce letters, bulletins, sales odorless.Y ou need no cameras, lenses,washers, 
data, etc. All that is necessary is to use trans- driers or photographic equipment of any kind. 
lucent or transparent original (master) cops BW machines are mobile—can be moved and 

b) —instead of opaque. operated in any convenient location accessible 

in) Yes, the Bruning BW process provides to electric outlets. And you can have many 
company-wide savings trom engineering kinds of BW Prints for special uses. 

rit through general office, production and ship- Get the facts about the Bruning BW process 

ets, ping! For Bruning BW Prints are positive —and about the economy it can bring vou in 

de- prints, made directly from the original in every department. Mail the coupon! 


CHARLES BRUNING COMPANY, INC. 

4736-72 Montrose Avenue 

Chicago 41, Illinois 

Gentlemen: I want to know more about Bruning BW Prints 
and equipment. Please send me information. 
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HARLES BRUNING COMPAN Y, INC. | Name 
ear Since 1897 P 3 
DENM... cao cecaocce odapeane 
Jus NEW YORK * CHICAGO * LOS ANGELES * And 12 Other Cities | i 
gy, PProtting Machines + Industrial Drawing Sets + Slide Rules + Erasing | Street ae inicium ait 
Machines + Refillable Draftsman's Pencils and many other products E EES EEE TEN » State 
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... CUT TO THE 


PRECISION OF METAL! 





Die-cutting of felt parts is a precision 
job at Booth... often to tolerances 
usually associated only with metal. 
Every order, big or little, is given 
interested and immediate attention. 
You receive only precision-cut felts of 
uniform quality and stamina, We in- 


vite your test of Booth Felt Economy. 


APPLICATION CHART AND 
SAMPLE KIT... contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 


THE BOOTH FELT COMPANY 
475 19th Street Brooklyn 15, N. Y. 


736 Sherman Street Chicago 5, Ill. 
2318 


olh 


T1406 matk 


PRECISION 
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FELT PARTS 
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Cost Curves 


To tbe Editor : 

John Van Hamersveld’s article “De- 
signing with Dollars”, PRODUCT ENGI- 
NEERING March 1948, presents ex- 
tremely useful information. However, 
the cost diagrams, such as Figs. 2 and 
í, are difficult to design as many points 
have to be calculated. In such instances 
I found it convenient to work from 
the total costs which are usually given 


by the relation C = b + a x, where 
b — fixed cost, 2 — variable cost and 
x = number of pieces. This is repre- 


sented in the accompanying diagram 








showing x as abscissa and C as ordi 


The 


nate cost per piece becomes 


e 

and is represented in the diagram as 
a kind of hyperbolic curve. This curve 
does not need to be calculated but can 
be constructed by a few simple lines 
Connect P on total 
curve with zero and project interse 
tion with unity to ordinate P’, point 

on the cost-per-unit curve. 
P. GRODZINSKI, A.M.I1., M.1 
London, N. W. 5, England 


& 


as shown. cost 


Ed.—Mtr. 

‘The suggested graphical procedu: 
will work out nicely if a fixed cost and 
ene variable is used, but due to the 
complexities of our cost curves, this 
procedure will not satisfactorily por 
tray a true cost trend for quantity 
production. 

"Our unit cost curves are dependent 
upon the following variables (as listed 
in Fig. 4 of the article) for each basic 
element breakdown. 

(1) Set-up Cost—variable with job 
lot quantities established for factory 


Van Hamersveld comment 
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Selection 








Cap Screws 


Sturdy, cold- 
formed head 
—continuous 
fibre struc 


Flat Head 
Cap Screws 


Flush type 
screws. Fit 
standard 

/ counter- 























Socket 
Stripper Bolts 
Accurately 
ground 
shoulder. 





Socket 
Pipe Plugs 

Safer, strong- 
er—excellent 
seal. Made of 
alloy steel. 





Set Screws 
Precision- 
ground thread 
with rust- 
resistant 
finish— five 
point styles 


Socket 


Screw Keys 

Minimum play 
between key and 
socket. 


SArETY SockrT Scnrw C0. 


4438 N. KNOX AVENUE CHICAGO 30, Ili. 
816 W. Fifth Stree! 
Los Angeles 13, Calif 


11 Pork Place 
New York 7. N. Y. 
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Where Performance 
! Counts 


ON SMALL CASTINGS 


Consider MicroCas 
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LOWER COSTS THRU MICROCAST 


1. Requires no expensive machine tool 
equipment, dies, jigs, or fixtures. 
Little or no machining required. 


3 N 


3. In many instances plating is eliminated. 

4. In production months faster than many 
other methods. 

5. Adaptable to both small and large vol- 
ume production. 

6. Low capital expenditure makes it ideal 

where design changes may be frequent. 


Co. 


30, Itl. 


"i MicroCasr 


. 1 


Pro} I 
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. .. Because with MICROCAST, in the production of small 
parts up to 4 oz., you can now use to full advantage the 
high melting point, non-machinable alloys which offer 
extreme resistance to abrasion, heat, corrosion, and 
maintain strength and hardness at high temperatures. 
MICROCAST permits the use of these alloys because even 
intricate shapes as cast are precision smooth, of sound 
structure and to such dimensional uniformity that virtu- 
ally all machining is eliminated. 





The names Microcast and Vitallium are Registered 
Trade Marks of Austenal Laboratories, Inc. 


It will be advantageous to the forward-looking engineer 
and production executive to investigate the possibilities of 
the Microcast Process. Substantial improvement in parts 
used in machines and equipment may follow. Austenal 
Laboratories will be pleased to cooperate with industry 
toward producing Microcastings to meet special require- 
ments and specifications. Our present capacity is 1,000,000 
Microcastings per month, 





AUSTENAL LABORATORIES, INC. 


224 East 39th Street, New York 16, New York 
5932 South Wentworth Ave., Chicago 21, Illinois 


COPYRIGHT 1947, AUSTENAL 


LABORATORIES, INC. 
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Meet e| 
Radio Parts... 


in quantities pL 
suitable to Volume 
Production...it may 


pay you to call upon 


the Design 





Engineers of 
United-Carr and its 


subsidiaries. They 


have helped many 





* SPEED PRODUCTION 





x TURN OUT FINER 
FINISHED PRODUCTS 


UNITED-CARR 
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| production, and the application of an 
80 percent learning cycle dollar cost 
factors. 

(2) Labor  Cost—variable with 
quantity using 8066 learning cycle dol. 
| lar cost factors. 
| (3) Material Cost—purchased on 
| 95 percent learning cycle curve. 

(4) Tooling Cost—variable with 
type, maintenance, recurring tooling, 
and monthly production rate require- 
ments. 

“The sum of these elements com- 
prises the total unit cost of the part 
for each quantity plotted on the graph- 
ical curves as shown in Fig. 2 and 
| Fig. 4 of the article. 

“A thorough study of all cost ele- 
ments for each basic production quan- 
tity desired is essential to obtain ac- 
curacy of unit costs. In comparison 
with other designs, this accuracy is 
necessary to determine the point of 
equivalency for a cost decision as to 
which design will be selected for 
economical production.” 





Military Research 


To the Editor: 

We have read with considerable in- 
terest your article in the January issue 
of PRopucr ENGINEERING titled 
"Peacetime Benefits From Military Re- 
search." The kodachrome view on the 
cover showing one of the many shops 
at Wright-Patterson Air Force Base is 
particularly pleasing. 

If possible, we would appreciate 
having 1,000 reprints of this article for 
distribution to Air Force Commanders, 
Public Information Officers, Air 
ROTC Officers and Air Educators. 

PAUL GAYNOR, Major, 

USAF Chief, Services Branch 

Air Information Division, 
Department of tbe Air Force. 

Ed.— We are forwarding the last 400 
reprints. 


Industry Can Help 





Editor: 


I can only wish you had dug deeper 
in your January editorial "We Cannot 
Afford Scientific Bankruptcy." What 
we need in America is an appreciation 
of the opposition to such a need. Those 
who ham-string the affair do not ac- 
tively "oppose" scientific progress. Ac- 
tually, they operate by means of im- 
mature and emotionally satisfying 
prejudices, which they—and the com 
munity—-consider to be rockbottom 
fundamentals of a most objective and 
self-evident nature. 

The sincerity of the opposition is 
so complete, and its inability for self- 
evaluation is so far-reaching that who- 

| ever takes on the assignment must 


To the 
























COUPLINGS 


Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 





































































rubber or grids to drive. All | 
power is transmitted by di- |m 
rect pull. = 
À The standard i. 
n line of Thomas 

f Couplings meets 

IU practically all 

W practically a 

m" requirements, 

But if unusual 

conditions exist 

| we are equipped 

| to engineer and 

| build special 

couplings. 
PATENTED 
FLEXIBLE 
A ¢ 
THE THOMAS PRINCIPLE 

GUARANTEES PERFECT Ip. 





BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 








Write for New Engineering Catalog 


THOMAS FLEXIBLE 
COUPLING CO. 


WARREN, PENNSYLVANIA 
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inam ann on People who buy your products get their money’s 


MI R H O worth. You give them what they need, made better than 
a diosa ihi they could make it for conan. You can do that 
Cooking Utensils because you are an expert in your field... experienced. 


A CONTRACT PLACED WITH US EXPANDS We can offer you what you give to others... expert 


YOUR PLANT TO INCLUDE: knowledge. Fifty years of working with aluminum 


and stainless steel forms the background of our ex- 
Machine Shop and Die-Making Facilities 


| Four Large Fabricating Plants 
Spacious Aluminum Rolling Mills new problems of alloying, processing, and finishing. 


perience. Many manufacturers draw on it daily, to solve 


Wide Range of Stamping Presses 


Hest-Tresting Equipment To profit from our half-century of experience with 








Gas and Electric Welding these excellent metals, you need only to call upon us. 
Complete Finishing Equipment Our extensive modern facilities are yours, to help in mak- 
ing your products better ... faster ... for less money. 

Foundation fe^ the Future CONTRACT, AUTOMOTIVE, AND AVIATION DIVISIONS 
MANITOWOC | WISCONSIN 


FIFTH AVENUE BLDG., NEW YORK 10 MERCHANDISE MART, CHICAGO 54 
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£— FOR 
p Proncnon we WELDING 


) 
Loing 


Sure, most of us know that re- 
sistance welding cuts fabrication 
costs. Isn't Industry buying 5 
times the resistance welding equip- 
ment it did before the war? 


WHAT'S THAT GOT TO DO WITH 
THE DESIGN ENGINEER? 


Just this: The plant can’t re- 
sistance weld it unless you design 
it so that it can be welded—easily, 
cheaply, and soundly. Sound 
tough? It isn’t really. We'll be 
glad to help you all we can. That's 
why we are running a series on 
“Designing for resistance weld- 
ing” in the “Welding Pictorial”, 
new-organ of "what's new in 
welding". Are you getting it? 


today. It 
your sat- 
company 
of $ to- 


last issue 
means of 
ing your 
thousands 
morrow. 


Write for the 
might be the 


PAYS 


"m 


PROGRESSIVE 


V 
WELDER COMPANY 


3050 £. OUTER DRIVE, DETROIT 12, U.S.A 
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first see the breadth of sophistication 
needed to get any constructive action 
started. 

I sincerely commend you for calling 
on industry to iook at a situation that 
neither educational institutions nor 
government agencies have done much 
to improve. J. A. DOUGLAS 

Anniston, Ala. 
Ed.: We invite industry's participation 
in a very lively discussion of this 
timely subject. 


You Can't Have Your 
Pi and Eat It Too 


To the Editor: 
As it stands, the equation 
15 x 33,000 X 12 X2 


Wr 7 20.000 x 2 x 1.400 


for calculating the tangential driving 
pressure of the pinion gear on page 
161 of the February issue of PRODUCT 
ENGINEERING does not give the an- 
swer of 67.5 lb as printed. This an- 
swer would be correct if the 3.1416 
value of = had been carried in the 
denominator. Shouldn't this have 
been done anyhow ? 
HARPER A. Goop 
Waynesboro, Pa. 
Ed.: The editor is lucky—he knew the 
right answer without solving the equa 
tion! The factor for m definitely be- 
longs in the denominator. The editor 
is also of the opinion that the word 
opinion” just below the above equa- 
tion should naturally be “pinion.” 


Textbook Supplement 


Editor: 

I am one of fifteen students taking 
a course in machine tool design at 
Pennsylvania State College. One of 
our current assignments is to design 
The article “Gear Trains 
for Multiple Speeds” by Louis Dodge 
published in your February issue was 


f» db. 


à shaper. 


of utmost aid in solving Our gear train 
problem. 

We would like copies of the article 
for future reference and would appre- 
ciate reprints or tear sheets for the 
whole class C. W. HUFFNAGLI 
Slate College, Pa. 
sets of 


Ed.: All available 


are in the mail 


tear sheets 


Orifice Equations 
nl 


Joseph Brown's article "Hydraulic 
Shock Absorber Orifice Designs and 
Equations” in the February issue of 
PRODUCT ENGINEERING is indeed 
timely as it ties in very closely with an 
investigation we are now conducting. 
However, the for- 


usefulness of the 


N OW accurate 


Stress Analyses 
In Your Plant by 
Stresscoat Engineers 


hs p 


4 
$ 


, a Ae is particularly 


valuable in analyzing im 
pact loading, difficult to 
reproduce by simulated static 
tests. Here, patterns formed on 
shotgun breach after firing show 
areas with 25,000 psi or more 


Wherever your plant may be 
located, competent and qualified 
Stresscoat engineers will visit you 
to make commercial stress anal- 
yses. They will measure stress 
distribution and recommend to 
you specific design changes 
to reduce stresses and curtail 
failures. Design problems are 
quickly solved after a Stresscoat 
specialist makes his analysis. 


Stresscoat is the only method 
of stress analysis which will give 
you an overall picture of stress 
distribution, with representative 
values, in any part regardless of 
shape. Proper evaluation of 
Stresscoat brittle coating patterns 
is of great aid in designing 
stronger, lighter and less expen- 
Sive parts. 


Write to your nearest Magna- 
flux Office for details of this 
field service. 


$tresscoat St-103 Outfit 


If you often work with new de- 
signs, this complete Stresscoat 
outfit will save you money in your 
stress determinations. It contains 
calibrating equipment, spraying 
units, and a generous selection 
of coatings. 


A specialist in Stresscoat anal- 
ysis from Magnaflux will work 
with your engineers in training 
them to properly use this outfit. 
The unit, and instruction, is yours 
in a “package” at $985.00, 
F.O.B. Chicago, Illinois. 


MAGNAFLUX 
CORPORATION 


Specialists in 
Product Inspection 
5804 Northwest Highway 

Chicago 34, Illinois 
New York * Cleveland * Detroit 
Dallas * Los Angeles 


€ORnP"PeORATIORM 


Reg U S Pot Office 
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ypical low pressure performance curve 


Matchless Efficiency 
Through 
Revolutionary Design 


GOES DIRECT TO THE POINT 
OF POWER APPLICATION 


(B) 


Typical circuit for efficient power transmission. The 
continuous spiral flow of the liquid through pump 
(A) into control box (B) transmits power to motor (C) 
(C) at constant velocities. Eliminates all pulsation. 










Berry Dual-Cycle Multi-staged Pumps. need for bearing and parts replacements. 


: Motors, Power Converters give 360° Berry rotary hydraulic principle is superior 

s ontinuous spiral flow of liquids . . . in- for hydraulic speed reducers, automatic 

3 |Minitely variable speeds . . . positive torque hydraulic clutches, variable speed trans- 

?o MP all speeds without pulsation . . . high missions, and many other uses. Simplicity 

" fficiencies . . . are completely reversible of construction and high operating pres- 

k nd are adaptable to any type of drive. sures result in low weight MAIL TODAY! 
g hey eliminate gears, shafts, trans- per H.P., long life, low cost. 


BERRY MOTORS, INC., Dept. E 
Corinth, Mississippi 





issions, gadgets. Complete hydraulic Fill out coupon for further 

alance on all moving parts eliminates information. , : i 
Please send information on Hydraulic Pumps 

Motors [] Transmission [ 

;, Name 

, Title lá il 

; Company 

: ' Business Address 


' City Zone . State 
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AUSOMN 


4-CYCLE, AIR-COOLED ENGINES 
—DEPENDABLE POWER Plus 
Extra SALES APPEAL! 


your products 


make 2 
stomer sat 


Engine 
o Lauson Engi” insure CU 


more salable 
isfaction. dé 
e Powered from 1 to 4⁄2 E 
Li 
eè Light weight — easy star 
nomical operation. 
e Machined mounting 


case for direct moun 
etc. 


g- eco- 


pad on crank 


ting of PUMPS 
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plications. 


Nation-wi 
" ble everywhere. 


: in, Wis. 
E, The LAUSON Company, New Holstein, 


u , 
Har t-Emerson Ltd Winnipeg Canada 


Engine Builders for 
Over 50 Years! 


de dependable 
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In Canada: 


ALL 
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FLEXIBLE SHAFTS 


Wherever power drives or remote control are re- 
quired, you can depend upon us to produce the 
Flexible Shafts that will meet the exact specifica- 
tions. We have years of experience in manufactur- 
ing flexible shafting for all types of industry. If we 
do not have what you require in stock, we can 
make shafts to your specifications. Our engineers 
will be glad to work out your problems without 
obligation. 


3 
/ 


Many new uses for flexible shafts that carry power around any corner have been 

developed by our engineers . .. in machine shops, electronic, automotive, aircraft, 
in all industries where power drives or remote control are 
required. Write for Manual P. E. 


crect 


2 
F. W. STEWART MFG. CORPORATION 


4311-13 RAVENSWOOD AVE. CHICAGO 13, ILL. 
WEST COAST BRANCH: 431 Venice Blvd.; Los Angeles 15, Cal. 





mulas seems to be impaired by an 
error in derivation. 

The term c, orifice discharge coeff- 
cient, is the product of c,, coefficient 
of contraction, and c, coefficient of 
velocity. Its use in the first formula 
appearing in the article is incorrect be. 
cause this formula is a velocity rela. 
tion only. Furthermore, if the correct 
coefficient, c,, were used, it would 
logically appear in the denominator of 
the right side of the equation instead 
of in the numerator. 

By using c, in the first equation 


4p — p 
y c» 2r 

and c, in the continuity equation 
Av 

Ced 

equation (1) of the article becomes 
dv a y ds 

V cete? 3456 a? 

dv — yds 


073456 a’ 


V = 


— 
-W 


or 

Here c^ appears in the denominator of 
the basic equation and not in the nu 
merator. Since the remaining formulas 
are based on equation (1), they con- 
tain the same error. 

Incidentally, ! would be especially 
interested to know what values of ¢ 
would be appropriate for these odd 
shaped orifices. 

PAUL A. HARTER, 
Engineering Division, 
Warner Electric Mfg. Co. 


Ed.—Author Brown comments as fol- 
lows: 

"The value for c, as used in the ar 
ticle is customary in calculations of this 
type, especially as they concern recoil 
mechanisms. This value is the re 
ciprocal of the one familiar to Mt. 
Harter. 

The choice of any particular c prob 
ably is determined by the convenience 
with which it may be used. Where 
the pressure is known, and it is de 
sired to solve for rate of discharge, a 
in venturi meters, it is convenient to 
use a "c" of the type to which Mt. 
Harter refers. However, in the pres 
ent case, where velocity is known from 
the continuity equation, it is most com 
venient to use the reciprocal "c" in the 
numerator when solving for pressure: 

ltp c 
^ ri^ 2g 

“The Naval Ordnance Department 
recommends these values for c: 

1.15 to 1.37 for throttling rods 
(such as are used in major calibet 
gun mounts) 

1.12 to 1.20 for grooves (such $ 
are used in minor calibet 
mounts)." 
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